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SI* (Modern Metric) Conversion Factors

Approximate Conversions to Sl Units

Symbol | When You Know Multiply By To Find Symbol
Length

in inches 254 millimeters mm

ft feet 0.305 Mmeters m

yd yards 0.914 Mmeters m

mi Mmiles 1.61 kilometers km
Ared

in? sgudre inches 645.2 sgudre millimeters mm?
ft? syuure feet 0.093 sgudre meters m?
ya? sguare yard 0.836 sgudre meters m?

ac acres 0.405 hectares hu
mi? sgudre miles 2.59 sguadre kilometers km?
Volume

floz fluid ounces 29.57 milliliters mL
gul gullons 3.785 liters L

fts cubic feet 0.028 cubic meters m?
ya® cubic yurds 0.765 cubic meters m?3
NOTE: volumes greduter than 1000 L shadll be shown in m?

Mass

oz ounces 28.35 grams g

b pounds 0.454 kilograms ky

T short tons (2000 Ib) 0.907 Mmeygugrams (or “metric ton”) | My (or *t")
Temperdture (exuct degrees)

°F | Fahrenheit | 5(F-32)/9 or (F-32)/1.8 | Celsius °C
lllumindation

fc foot-cundles 10.76 lux Ix

fl foot-Lumberts 3.426 cundela/m? cd/m?
Force and Pressure or Stress

lof pound force 4.45 Newtons N
lbf/in? pound force per syudre inch 6.89 kilopusculs kPa

*Slis the symbol for the Internationul System of Units. Appropriute rounding should be made to comply with Section 4
of ASTM E380.
(Revised Murch 2003)



\ Approximate Conversions from S| Units

Symbol | When You Know Multiply By To Find Symbol
Lenhgth

mm millimeters 0.039 inches in
m Mmeters 3.28 feet ft
m Mmeters 1.09 yurds yd
km kilometers 0.621 Miles mi
Ared

mm? syudre millimeters 0.0016 syuadre inches in?
m? syuure meters 10.764 squure feet ft2
m? syudure meters 1.195 syudre yards yd?
ha hectures 2.47 acres ac
km? syuure kilometers 0.386 sguure miles mi?
Volume

mL milliliters 0.034 fluid ounces fl oz
L liters 0.264 ygullons gul
m? cubic meters 35314 cubic feet ft3
m? cubic meters 1.307 cubic yards yd®
Mdaiss

g grams 0.035 ounces oz
kg kilograms 2.202 pounds b
Mg (or | megugrams (or “metric 1.103 short tons (2000 Ib) T
1) ton”)

Temperdture (exact degrees)

°C | Celsius 1.8C+32 Fuhrenheit °F
llumination

I lux 0.0929 foot-cundles fc
cd/m? | cundelu/m? 0.2919 foot-Lumberts fl
Force and Pressure or Stress

N Newtons 0.225 pound force lof
kPa kilopusculs 0.145 pound force per syuare inch | Ibf/in?

*Slis the symbol for the Internutional System of Units. Appropriute rounding should be made to comply with Section 4

of ASTM E380.
(Revised March 2003)
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BACKGROUND

In 1885, Karl Friedrich Benz revedled the first gusoline-powered automobile on the public street
system.! The fustest his cur could go wus about 13 mph (21 km/h). Since that time, udvances in
science und technoloygy huve brought faster vehicles und better roads, both of which have served

to increuse travel speeds for uutomotive travel. Toduy, uttuinuble speeds are fur higher than the
maximum speeds that society generdlly accepts us reasonuble for motorized travel on public streets,
yet the speedometers on most motor vehicles display maximum speeds that far exceed the maximum
legdl speed limits on mMost rouds.

Speeding, commonly defined us exceeding the posted speed limit or driving too fust for conditions,

is u primary crash causation factor across the globe. Based on d survey of roud sufety performance,
speeding is the humber one roud sufety problem in muny countries, often contributing to us mMany

us onhe-third of futul crushes und serving us un aygygravuting fuctor in most crushes.? According to the
National Highway Traffic Safety Administration (NHTSA), speeding-related crushes auccount for over
13,000 futdlities per year in the United States, making speeding one of the most often-cited contributing
factors for fatal crashes.?

One of the most frequently used methods of Managing fravel speeds is the posted speed limit. The setting
of speed limits predates the automobile by some 200 years, when Newport, Rhode Island, prohibited the
horses gyulloping on mMujor thoroughfares to prevent pedestriun deuths. Similarly, Boston, Mussuchusetts,
limited horse-drawn curriages to “foot puce” on Sunduys to protect church-goers.

The English Parliument is credited with setting the world’s first speed limit for mechaunicully-propelled
vehicles in 1861." At that time, the Locomotive Act (uutomobiles were considered “light locomotives”)
limited the speed of dll “locomotives” oh public highways to 10 mph (16 km/h)-5 mph (8 km/h) through
any City, tfown, or village .* The Act was later umended to set speed limits of 4 mph (6 km/h) outside of
tfowhs aund 2 mph (3 km/h) within them. These hew operuting speeds dlso required three operators for
euch vehicle—two traveling in the vehicle und one wulking uheud and carrying d red flug to warn
pedestrians und equestrians.®

Selecting un uppropriate speed limit for u fucility can be d polarizing issue for u community. Residents
und vulheruble roud users gyenerdlly seek lower speeds to promote quulity of life for the community aund
increused security for pedestriuns and cyclists; motorists seek higher speeds that minimize travel time.
Despite the controversy surrounding muximum speed limits, it is clear that the overdll godl of setting the
speed limit is almost ulways to increuse sufety within the context of retdining reasonuble Mobility.

The principul exception to the sufety objective of speed limits wus the oil crisis in the early 1970s, when
speed limits were lowered us u meuns of conserving fuel. This rationule for lower speed limits wus revived
in Spuin in early 2011, where the government lowered the maximum speed limit of 75 mph (120 km/h)

to 70 mph (110 km/h) in an attempt to curb fuel cohsumption in the face of rising oil prices.® However,
the meusure lusted only four months before the top speed limit wus returned to the former 75 mph (120
km/h).

Maximum speed limits are laws; therefore, speed limits dre set for the protection of the public und the
regulution of unreusonuble behavior on the part of individuals.

* This still predates the gusoline-powered automobile and wus endcted for steam-powered vehicles.



PURPOSE AND SCOPE

Despite the wide-spreud ucceptunce und use of speed limits throughout the world, there has been no
cohsensus umony practitioners concerning the methods and techniques that should be used to select
the most uppropriate speed limit for a particular facility. Currently, it appedars unlikely that consensus will
be uchieved in the neur future. This leuves pructitioners without definitive guidunce on this important
issue, und in sedrch of information that mMay assist them. This report provides the information hecessary
for pructitioners to muke informed decisions concerning the method that is selected for setting speed
limits in their jurisdiction.

This report presents the various procedures that highway agencies can and do use to set speed limits.
[t is an informational report und provides a broud overview of the different speed limit setting methods
that are avdiluble, but makes no specific recommenddations or suggestions.

Specidl situations, such as advisory, school zone, und work zone speeds ure discussed. Speed limit
enforcement und periodic reevuluation of speed limits are discussed briefly. The design speed for

the roudway will not be discussed, except us it relutes to the setting of speed limits. This is becuuse
design speed is u characteristic of the roudway that is essentidlly “built-in” to the roud, und is hot eusily
modified.

Technicul terms ure defined in Appendix A.



REPORT ORGANIZATION

The remuinder of this report is orgunized into eight sections as follows:

THE SAFETY OF SPEED: As speed limits are first and foremost a road sufety medsure, a discussion on the
effects of speed on crush risk is provided for the informution of the user.

SPEED LIMIT BASICS: An introduction to the broud cuategories and types of speed limits, including
statutory speed limits, primu fucie speed limits, und speed zoning.

SETTING SPEED LIMITS: A detuiled description of the various methods that are avdiluble for setting speed
limits, a brief discussion of specidl types of speed limits (i.e., nighttime speed limits, school zohe speed
limits, fruck speed limits, etc.), und information on Minimum lenhygths of speed zones.

SPEED LIMIT SIGN DESIGN AND PLACEMENT: Criteriu thut ure used in selecting sign types und in the
placement of the signs for speed zones und speed fransitions. Also included is some information on
Speed Feedbuck signs.

SPEED STUDY DATA COLLECTION: An outline of the datu reyuired for determining d posted speed limit
with emphusis on spot speed dutu collection und unalysis.

SPEED LIMIT ENFORCEMENT: A brief discussion on the role of engineering practitioners in ussisting with the
enforcement of speed limits.

CASE STUDIES: Two cuse studies thut demonstrate the use of severul uvuiluble methods for setting
speed limits.

REFERENCES AND APPENDICES: Supporting information und udditional detuiils for the reuder.



THE SAFETY OF SPEED

It is important to understand how speed impducts sufety, becduse setting speed limits is primarily <

roud sufety measure. While the laws of physics make it very clear that speed and crash severity are
inextricubly linked (i.e., severity increuses geometricully us speed increuses), there hus been u yood
dedl of controversy over the impuct of speed on crush occurrence. This is primarily because the variety
of roud desigh und operuting characteristics cun obscure the precise relutionship between speed und
crush occurence. Numerous studies und reseurch efforts on this topic that have presented conflicting
results on this important relationship. However, the most recent und statistically robust research on speed
and crush occurrence fairly definitively indicates that, dll other factors being equdl, increused speeds
increuse crush occurrence.” The mugnitude of the increuse is dependent on the specifics of euch cuse,
with urbun dreus having the most pronounced relutionship und controlled-uccess fucilities the wedukest.

One of the Most statistically robust efforts to uncover the relationship between speed and sufety was
u metu-analysis conducted by the Norweyiun Institute of Transport Economics.” The information und
conclusions from the metu-aunalysis form the busis for the stutements made in this section.

For u ygiven roudwuay type, there is u strony stutisticul relutionship between speed und crush risk for
speeds in the runge of 15 mph to 75 mph (25 km/h to 120 km/h). When the meun speed of truffic is
reduced, the number of crashes und the severity of injuries will almost aulways go down. When the
Mmeun speed of truffic increuses, the number of crushes und the severity of injuries will usudlly increuse.
The relationship between mean travel speed and crash risk cun be udeyuutely described in terms of
the following model:

cur=| Ve
Y,

CMF = Crush modificution fuctor

V., = Meun speed in the uffer condition
V, = Meun speed in the before condition
X = 3.6 for futdl crash frequency

2.0 for injury crush frequency

1.0 for property-dumauyge-only crash frequency
4.5 for futulities

2.7 for personadl injuries

The relationship between speed und crush risk can be Modified fo some extent by road environment,
vehicle-related factors, and driver behavior. But, the effects of speed onh crash risk are remarkably
conhsistent across different contexts.

The dubove relationship between speed aund craush risk is sighificantly different from the traditional
U-shuped relutionship that has defined much of the current North Americun thinking on speed limits
und speed munugement. The U-shuped relationship (Solomon curve) between speed und crash risk
cun be yuestioned for two reusons:



1. The U-shape is yenerdlly expected to be un artifact of errors in the meusurement of speed?®?; und

2. There is u strony correlution between meun speed und speed variunce, so it is difficult to sepurate
the effects of meun speed und speed variunce on crush risk,1°

This discussion describes the relationship between travel speed and crash risk, but it does not hecessarily
reflect the reldtionship between speed limits und crash risk.

A chunge in the speed limit ulmost ulways chanyges the meun speed of trauffic. However, the changes
dre hot ulways proportional. For the most part, the change in the meun speed of fruffic created by u
chunye in speed limit is around 25 percent of the change in the speed limit.” In other words, u speed
limit increase or reduction of 6 mph (10 km/h) yields about a 1.5 mph (2.5 km/h) rdising or lowering of
the meun speed, respectively. When this statistic is combined with the power formula eqyuuting change
in meun speed to crush risk, it is evident thut loweriny the speed limit will reduce crush risk, und ruising
the speed limit will increuse crash risk.

Whether the sufety guins/losses ussociuted with the chanye in the speed limit is worthwhile must be
exumined in the context of mauintuining reusonuble Mobility, und other system objectives. In uddition,
the policy context must be considered becuuse the reldtionship between travel speed und speed
limits indicates that the percentage of violators increduses when speed limits dre lowered und decreuses
when speed limits are increused.



SPEED LIMIT BASICS

Setting speed limits in the United States has always

been u responsibility of Stute und locul governments,

The unrestricted freedom to exercise that authority was
inferrupted by the Federal Government during World War
I, und more recently with the National Muximum Speed
Limit of 556 mph (90 km/h). The National Muximum Speed
Limit wus repeuled in 1995,

Every State has u busic speed statute reqyuiring drivers to
operute their vehicles ut u speed thut is reusonuble und
prudent for conditions. This busic rule is contuined in the
Uniform Vehicle Code (UVC), which provides u model set
of motor vehicle laws to encourage uniformity in State
fraffic regulation. State statutes authorize maximum speed
limits that may vary by highway type (e.y., interstute
highways) or locdtion (e.g., urbun district).!

The UVC is a set of model traffic laws that was origindlly
developed by the Nutionul Committee on Uniform Truffic
Laws und Ordinunces (NCUTLO), u how defunct, privute,
hon-profit organization. The NCUTLO’s members were

Mmuinly State governments und some related orgunizations.

The extent to which the code is used vuries by State. The
UVC and most State motor vehicle laws include u busic
speed law with wording similar to the following: No person
shall drive u vehicle dt u speed gredter than is reasonable
and prudent under the conditions und having regard for
the wedther, visibility, traffic, and the surface und width of
the roudwuay. !

Article VIlII—Speed Restrictions
11-801—Buisic rule

No person shall drive d vehicle at G
speed yreuter than is reusonuble

and prudent under the conditions

und having regurd to the auctudl

and potential hazards then existing.
Consistent with the foregoing, every
person shall drive at u sufe and
dppropriute speed when upprouching
and crossing un intersection or railroad
grude crossing, when dpprouching
and goinhy dround d curve, when
approuching a hill crest, when
fraveling upon uny harrow or winding
roudway, und when speciul hazards
exist with respect to pedestrians or
other traffic or by reuson of wedther or
highway conditions. (Revised, 1968)

Uniform Vehicle Code and Model Traffic
Ordinance, 2000, Nutionul Committee
on Uniform Truffic Laws und Ordinunces,
Evanston, lllinois.

Section 11-803 of the UVC recommends Stutes estublish speed zones upon the busis of un enhygineering
and traffic investigation. Section 11-804 outlines recommended practices on how locul authorities may

dlter muximum limits. '

Types of Speed Limits

Speed limits muy be clussified us default/statutory regulations, or speed zoninyg regulations established
onh the busis of enygineering studies. In dll cuses, U speed limit must be leyisluted (i.e., estublished by

leyislutive authority).

Statutory Speed Limits

Statutory limits are based on the concept that unhiform cutegories of highways cun operate safely

at certuin maximum speeds under idedl conditions. State motor vehicle laws specify speed limits on
specific cuteyories of streets und highwuys. For exumple, u vehicle code might limit speeds to 25 mph
(40 km/h) in residential areas, 30 mph (50 km/h) in business districts, and 55 mph (90 km/h) on dll other
rouds. Generdlly, statutory limits apply throughout < political jurisdiction.!’ Table 1 contains examples of
statutory limits for three States and for the Uniform Vehicle Code.



Table 1. Examples of Speed Limit Statutes

Jurisdiction Speed Limit Statute
Uniform Vehicle Code |55 mph (90 km/h) in locations other than urban districts
35 mph (60 km/h) in urbun districts

Delaware Where no speciul hazard exists, the followiny speeds shull be lawful, but any
speed in excess of such limits shall be dbsolute evidence thut the speed is hot
reasonuble or prudent and that it is unlawful:

All types of vehicles:
25 mph (40 km/h) in any business district
25 mph (40 km/h) in uny residential district

20 mph (380 km/h) at dll school zones where 20 mph (30 km/h) regulatory signs
ure in effect during specific periods

50 mph (80 km/h) on 2-lune roudways

55 mph (90 km/h) on 4-lane roadways aund on divided roadways
Minnesotu 10 mph (15 km/h) in dlleys

30 mph (60 km/h) on streets in urban districts

70 mph (110 km/h) on rurdl interstate highways

65 mph (105 km/h) on urbun interstate highways

65 mph (105 km/h) on expressways

55 mph (90 km/h) on other rouds

Oreyon 15 mph (25 km/h) — dlleys; harrow residential roudways

20 mph 30 km/h) — business districts, school zones

25 mph (40 km/h) - residentidl districts, public purks, oceun shores
55 mph (90 km/h) — open rurdl highways, trucks on interstate highways

65 mph (105 km/h) — pussenyger vehicles, light tfrucks, motor homes, und light
duty commercidl vehicles on interstate highways.

Statutory speed limits dllow for speed limits o be in effect even when it is hot practical to post them.

There ure two types of stututory speed limits: (u) ubsolute limits und (b) prima facie limits. The principle
difference between the two types is whether someone who is churged with driving over the speed

limit can defend her/his actions. An absolute speed limit is a limit above which it is unlawful to drive
regurdless of roudwuy conditions, the umount of truffic, or other influencing factors. There is ho recourse
to contend u charyge. A prima facie speed limit is one ubove which drivers dre presumed to be driving
unlawfully but, if charged with d violation, they may contend that their speed was sufe for conditions
existing on the roudwuy at that fime. And, therefore, that they dre not guilty of u speed limit violution.

Prima facie limits provide greuter flexibility to drivers to determine an uppropriate speed for conditions
und pluce u yreuter burden of proof on the enforcement community that a violation has occurred.



Approximately two-thirds of the States have dbsolute speed limits.

Speed Zones

Where statutory limits do hot fit specific roud, traffic, or land uses conditions, most road authorities
have the power to estublish speed zones to reflect the sufe muximum reusonuble speed. These
dlternutive speed limits may be higher or lower than those prescribed by the UVC or the statutory
limits of the jurisdiction. Alternative mauximum legul speed limits ure estublished by leyisluting the
speed zone, typicully founded on the busis of un enygineering study, und becominy effective when
the limits are posted und properly recorded.” Agencies process resolutions, truffic control orders,
or other formual documents to properly record the legal speed limit. An example of u Truffic Control
Order is shown in Appendix B.

To enhcouruge compliunce und effectively manuage risk, many agencies set speed limits to reflect the
“reusonuble und prudent” behavior of the Mujority of motorists ucting in un uppropriate Munner. This
encouruges drivers to obey the posted speed limit and travel ut u reusonuble speed. It dlso turyets
limited enforcement resources ut the occusiondl violutor who disproportionutely contributes to crash
risk. The concept of u rational speed limit involves a formal engineering review, during which drivers’
free-flowing speeds dre observed. The ussumption is that by reflecting actual driver speeds, most people
will consider the speed limit uppropriate. Such speed limits dre desirable becuuse they encourdage
public compliunce, reduce speed differences umony drivers, und offer u defensible enforcement tool.



SETTING SPEED LIMITS

This section describes the muin objectives und yuiding principles of setting speed limits und provides u
detdiled description of the principal avdiluble methods.

Speed limits dre set to inform mMotorists of uppropridate driving speeds under favorauble conditions.
Drivers are expected to reduce speeds under certain conditions (e.y., poor visibility, adverse weuther,
cohyestion, warhing signs, or presence of bicyclists und pedestriuns). Leyislation und statutes
generdlly reflect this regquirement. All speed control regulutions provide the leyul busis for udjudicution
und sunctions for violutions of the law. Roud authorities mauy dlso post udvisory speed signs, which

do not have the force of law but warn motorists of suggested sufe speeds for specific conditions at

u purticular locution (e.y., a turn or un intersection approuch).'' Huving stuted the ubove, however, a
motorist exceeding un udvisory speed could still be cited under the busic speed rule (i.e., driving too
fast for the prevdiling conditions).

The primuary purpose of the speed limit is to advise drivers of the maximum reasonuble und sufe
operuting speed under favorable conditions. It provides u busis for enforcement and ought to be fuir in
the context of truffic law.

Methodoloyies for setting speed limits typicully are designed to result in recommended speed limits that:
e Are reluted to crash risk;
e Provide u reusonuble busis for enforcement;
e Are fdir in the context of traffic law; and
e Are uccepted us reusonuble by u mujority of roud users.

The selected methodoloyy is yenerdlly upplicuble on dll roud types und cupuble of beiny
implemented with existing resources.

Factors thut uffect sufe speeds ulony roudwuys, und dlso influence the speed selected by motorists,
include:

e A vehicle’s mechunicul condition anhd characteristics;

Driving ubility/cupubilities;

Traffic volume: vehicles, pedestriuns, and bicycles;

Weduther und visibility;

Roudwuy desigh elements, including:
» Roud function/purpose;

» Lunhe und shoulder width;

v

» Horizontul und verticul curves;
» Avdiluble sight distunces;

» Drivewdays with restricted visibility and other roudside developments;



» High driveway density;
» Rurdl residentidl or developed ureus; und
» Puved or improved shoulders.

e Puvement conditions; and

o Crush frequency und severity.

All of these fuctors should be considered when designing uppropriate speed limits ut locutions where
the speed limits need to be varied from the statutory limits. Specidl situdtions dlso exist that hecessitute
highttime, school zone, work zohe, minimum and varidable speed limits or udvisory speeds.

The ubove-mentioned fuctors to be considered in selecting u speed limit are dlso heavily influenced
by geometric design fedtures of the roud und roudside development/activity. This is largely becuuse
drivers tend to select operuting speeds bused on the visudl scene presented to them. Therefore, the
speed limit und design of the roud must work in concert if desired operuting speeds ure to be uchieved.

Due to the lack of specific guidunce und procedures from the Manhudal on Uniform Traffic Control
Devices (MUTCD) und other documents, ehyineers often rely onh their experience and judgment when
considering fuctors that affect decisions ubout setting uppropriate speed limits. The use of subjective
procedures by decision-makers with various levels of experience, und the use of different procedures
across jurisdictions, may lead to inconsistencies in how speed limits are set in different jurisdictions.

Methods of Setting Speed Limits

Within the traffic engineering community, there are four generul upprouches to setting speed limits:

* Engineering approach: A two-step process where d buse speed limit is set according to the 85th
percentile speed, the design speed for the roud, or other criterion. This buse speed limit is adjusted
uccording to frauffic and infrastructure conditions such ds pedestrian use, mediun presence, etfc.
Within the engineering upprouch there are two approuches; 1) Operuting Speed Method und
2) Roud Risk Method.

e Expert system approach: Speed limits are set by u computer program that uses khnowledge und
inference procedures that simulate the judgment und behavior of speed limit experts. Typicdlly,
this system contuins u knowledyge buse contuining uccumuluted knowledyge und experience
(knowledyge buse), und u set of rules for applying the knowledge to euch particular situation
(the inference procedure).

¢ Optimization: Sefting speed limits to Minimize the totul societal costs of fransport. Travel time,
vehicle operating costs, roud crashes, traffic noise, and dir pollution are considered in the
determinution of optimul speed limits.

* Injury minimization or safe system approach: Speed limits are set uccording to the crash
types that are likely to occur, the impuct forces that result, and the human body’s tolerance to
withstund these forces.

Engineering und expert system dpprouches dre widely used in North Americd, injury minimization methods
are guining wide-spreud use in countries that are at the forefront of globul road sufety (i.e., Sweden,
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Figure 1. Speed Limit Study Process for Engineering and Expert Systems Methods.

Austrdlia, etc.). The concept of setting optimal speed limits hus been studied by some jurisdictions, but is
not knowhn to have been udopted by uny roud authority. However, the optimal speed limits upprouch
seems upplicuble within the context of providing context sensitive solutions (CSS)—un approuch that
considers the totul context within which a facility will exist—and hus been considered for upplicution on
some New Jersey rouds.'?

Speed limits set by either an engineering method or an expert system use similar busic fenets. The
enygineering method is offen limited to u busic study, while the expert system apjprouch employs u
more structured set of decision und judgment rules. For both methods, the speed limit is determined by
considering the existing speed, roudway, und crush information. Figure 1 shows the steps that leud to
producing the final report for either an engineering or un expert systems type of speed study.

Speed limit studies aure most often undertaken in response to u reyuest for U lower speed limit

than currently posted. In some instances, however, the road authority finds itself in the position of
recommending a higher speed limit thaun the onhe currently posted. In these latter instances, some
jurisdictions reyuire u roud sufety audit be conducted prior to u higher speed limit being upproved.™

The followiny sections detdil the steps to setting speed limits using the four methods.

Engineering Approach

The steps in the ehgineering upprouch to setting speed limits include planning, coordination, datu
collection aund unalysis, und finally, determination of the speed limits. A fraffic engineering study is
the observation and undlysis of road and traffic characteristics to guide the application of traffic
enygineering principles. The study of speed limits includes the followiny:



e Review of the roud’s environment, features, and condition und tfraffic characteristics.

¢ Observation und Meusurement of vehicle speeds ut one or more representutive spots alony the
roud in idedl weuther und under free-flowing traffic conditions.

¢ Andalysis of vehicle speeds to determine 85th percentile speed and other characteristics.
e Review of the roud’s crush history.
e Review of uny unusuul conditions hot reudily uppdarent,

Seftting speed limits is complex und often controversidl. The engineering approuch requires the use
of enygineering judgment bused on the engineering und fruffic investigation. Quulity data und good
documentution provides support for the judgments that ure made.

Within the engineering upprouch to setting speed limits there dre two busic methods: the operdating
speed method und the roud risk method. Euch of these is detuiled below.

Operuting Speed Method

Most engineering dpprouches to speed limit setting are bused on the 85th percentile speed—the speed
ut which 85 percent of free-flowing truffic is tfraveling at or below. The typical procedure is to set the
speed limit at or neur the 85th percentile speed of free-flow traffic. Adjustments to either increase or
decreuse the speed limits muy be mude depending on infrustructure und truffic conditions.

Setting u speed limit bused on the 85th percentile speed was origindlly bused on sufety. Specificdlly,
reseurch ut the tfime hud shown thut fraveling ut or uround one stundurd deviution ubove the meun
operating speed (which is upproximately the 85th percentile speed) yields the lowest crash risk for drivers.
Furthermore, crush risk increuses rapidly for drivers traveling two stundurd devidtions or more ubove or
below the meun operuting speed. Therefore, the 85th percentile speed sepurutes ucceptuble speed
behavior from unsufe speed behavior that disproportionately contributes to crash risk.”

The 85th percentile speed method is dlso uttractive because it reflects the collective judgment of
the vast majority of drivers ds to u reasonuble speed for given fraffic and roadway conditions. This is
dligned with the generdl policy sentiment that laws (i.e., speed limits) should hot make people uctiny
reusonubly info law-bredkers. Setting a speed limit even 5 mph (8 km/h) below the 85th percentile
speed cun muke ulmost half the drivers illegal; sefting d speed limit 5 mph (8 km/h) above the 85th
percentile speed will likely muke few additionul drivers leydl.

Under the operdting speed method of setting speed limits, the first upproximaution of the speed limit is o
set the speed limit at the 85th percentile speed. The MUTCD recommends thut the speed limit be within
5 mph (8 km/h) of the 85th percentile speed of free-flowinyg truffic. The posted speed limit shall be in
Mmultiples of 5 Mph'®, or 10 km/h for jurisdictions that employ Mmetric.??

While the MUTCD recommends setting the posted speed limits neur the 85th percentile speed, und
fraffic engineers suy that agencies ure using the 85th percentile speed 1o set speed limits, in redlity the
speed limit is often set much lower. At these locdtions, the 85th percentile operuting speeds exceed the

* The origindl reseurch between speed und sufety which purported thut the sufest fravel speed is the 85th percentile speed
is duted research und may hot be valid under scrufiny. See the section titfled “The Safety of Speed” for G synopsis of current
thinking on the relationship between speed und sufety.



posted speed limits; und, in many cuses, the 50th percentile operdting speed is either hear or exceeds
that posted speed limit us well.'® Many agencies deviute from their agency’s written guidelines und
instead post lower speed limits. According to an ITE Engineering Council Technical Committee survey,
these reduced speed limits ure often the result of political pressures.'”” However, it is important to note
that sefting speed limits lower than 85th percentile speed does not encourage compliance with
the posted speed limit.'

The 85th percentile speed cun be udjusted on the busis of enyineering and traffic investigation. The
following are typical adjustments mude by several States:

o Adjustments made for roadway factors and/or crash data may be lower than the 85th percentile
speed, but hormually no more than 7 mph (11 km/h) lower.'®

e Adjustments for roadway factors may reduce the 85th percentile speed by us much us 10 mph
(16 km/h) below the 85th percentile speed bused oh sound und gyenerdlly uccepted enygineering
judgment that includes consideration of the following fuctors:

» Nurrow roudway pavement widths (20 feet (6 m) or less, for example).
» Horizontdl and verticdl curves (possible limited sight distunce).
» Drivewuays with restricted visibility and other developments (possible limited sight distance).

» High driveway density (the higher the number of driveways, the higher the potential for
enhcountering entering und turhing vehicles).

» Rurdl residentidl or developed dreus (higher potentidl for pedestrian and bicycle traffic).
» Narrow shoulder widths (constricted lateral movement).

e [f the crush rate for u two-year period is much higher than the average for other highways of
similar classifications, adjustments are considered. '®

¢ Adjustments can be made bused on crush data when enforcement agencies will assure a
deyree of enforcement that will make the speed zone effective.’”

e A 12 mph (20 km/h) reduction for locutions where roadway factors und crash rates are higher
thun the statewide averuge.”

After the 85th percentile speeds und zone lenyths have been selected, some jurisdictions recommend
that severdl test runs be made through the dared in both directions driving at the selected speeds.

This should show any irregularities in the zoning that heed correction before the speed zone is
implemented.?

The lust step in the undlysis process for the operating speed Method is to draw conclusions bused on the
observed duta and to prepure u report. The report caun be eluborate or very busic depending on why
the study wus performed und how the results will be used.

The use of the 85th percentile speed us the primary criterion for selecting u suituble speed limit is
founded on the following fundumentul concepts deeply rooted in government und law:



e Driving behavior is an extension of socidl uftitude, und the mujority of drivers respond in u sufe
and reusonuble Munner us demonstrated by their consistently favorable driving records.

e The normully cureful und competent uctions of u reusonuble person should be considered legal.

e Laws ure estublished for the protection of the public und the regyulution of unreusonuble behavior
on the purt of individudls,

e Laws cunnot be effectively enforced without the consent und voluntury compliunce of the
public majority.?°

The operuting speed method hus the udded udvuntage that a properly set speed limit will provide
residents, businesses, und pedestriuns with d redlistic expectution of uctuul vehicular speeds on the street.

Criticisms of the operdting speed method of setfting speed limits ure largely turgeted at the use of the
85th percentile speed us the starting point for estublishing the speed limit. They include:

e This criterion ussumes that motorists ure aware of und select the sufest speed.
e Drivers ure generdlly bud ut uccounting for the externdilities of their driving.

A further crificism that has been leveled aguinst the 85th percentile speed as a primary determinant of
the speed limit is that this practice may leud to un upward drift or creep in uveruye operuting speeds
over fime.®

The enyineerinyg upprouch to setting speed limits has manifested itself in North Americu us the settiny
of “rationul” speed limits. The premise is that speed limits bused on d formal, unalyticul review of truffic
flow, roudway design, locul development, und historical crash data will result in g high percentuge of
drivers complying with the speed limit und traveling ut ubout the sume speed.

Despite wide-spreud use of the operuting speed method for setfting speed limits in North America,
there are few jurisdictions that have quantitative criteria for the adjustments to the 85th percentile
speed. For exumple, how much should u speed limit be reduced if there is u high volume of
pedestrian traffic on the street? For the most part, the andlyst is to use “enyineering judgment”

to muke such valuutions. Two hotuble exceptions to the yudlitutive procedures ure the Policy onh
Establishing and Posting Speed Limits on the State Highway System by the lllinois Department of
Transportation (DOT)?', und the Northwestern Speed Zonihy Techhigue (which is u procedure used by
severdl municipdlities).

The lllinois procedure considers access, pedestrian traffic, curbside parking, and safety performance,
in uddition to existing speed profile to estublish the recommended speed limit. Specific humericul
udjustments ure specified in the procedure for euch of the dbove criterion. The lllinois procedure is
described in Appendix C.

The Northwestern Speed Zoning Technigue is similar to the lllinois DOT procedure mentioned ubove,
but it considers a wider range of truffic und infrastructure factors including presence of u mediun, lune
width, verticul dlignment, etc. Aguin, humericul direction is provided concerniny the udjustments thut
are required for different roud feutures, muking the process repeutuble und reliuble. The Northwestern
Speed Zoning Techniyue is detdiled in Appendix D.



Roud Risk Method

Another method of setting speed limits using un enyineering upprouch is the roud risk method in
which the speed limit is determined by the risks ussociuted with the physicul design of the roud und
the expected truffic conditions. This method has humerous guises, but the core methodoloyy is to set
the speed limit according to the function or clussification of the roud (which dlso tends to dictute the
design of the roud), und then to udjust the speed limit based on the reldtive risk introduced by various
roud und roudside design feutures. This method is currently employed by Canaudu und New Zedland.

The roud risk method is the sume us the operuting speed method in that d selected buse speed limit is
adjusted by various fuctors to determine the recommended speed limit. The mauin difference between
the two enyineering methods is that the operating speed method uses the 85th percentile speed us the
buse speed limit, und the roud risk method uses u buse speed limit that is predicuted on the functional
clussification of the roud und its setting.

Under the roud risk method to setting speed limits the level of roudside development und the function
of u roud ure the primary determinants of the appropriate speed limit.'* Although road geometry is dlso
a factor in determining d speed limit, it is secondary to roadside development. In situations where the
roud design encouruyges users to fravel at u higher speed than the speed limit determined by roudside
development, enyineering tfechhigues should be used to lower vehicle speeds. When d roud in a built-
U ureu primuarily serves through truffic, engineering und uccess control fechnigues should be used to
provide sufety at the higher speeds that will prevdail.'

Table 2 provides the buse speed limits for different lund use and roud clussifications as used in the road
risk methodoloyy used in Cunudu,??

Table 2. Base Speed for the Classification and Land Use Combination

Land Use
Ruradl Urban
Undivided Divided Undivided Divided
1 lane 2+ lanes 1 lane 2+ lanes 1 lane 2+ lanes 1 lane 2+ lanes
per per per per per per per per
Clussification direction | direction | direction | direction | direction | direction | direction | direction
Moiop | 85Mkh | 60mph | 60mph | 70 mph 50 mph 55 mph
Artorii O 1 (90 km/h) | (100KkM/h) | (100KM/HY) | (110KM/h) (80 km/h) (90 km/h)
end y 50 mph | 55mph | 55 mph | 60 mph 45 mph 50 mph
NOT | 80 km/h) | (90 km/h) | (90 km/hy | (100KM/h) (70 km/h) (80 km/h)
Moior | 45Meh | 50mph | 50mph | 55 mph 45 mph 50 mph
oot JOT' | 70 km/h) | (80 km/hy | (80 km/h) | (90 km/h) (70 km/h) (80 km/h)
olector y 35mph | 45mph | 45mph | 50 mph 35 mph 45 mph
NOT | 60 km/h) | (70 km/h) | (70 km/hy | 80 km/hy (60 km/h) (70 km/h)
, 35 mph 30 mph
Locd (60 km/h) (50 km/h)

Lane = through lune

Divided = u mediun thut sepurates fravel lunes of fruffic in opposing directions, which may be flush with,
raised ubove, or depressed below udjucent tfravel lunes



By using the lund use und functionul clussification of the roud us the primary determinants of the
desirable speed limit, road authorities that use the roud risk method are uttempting to reconcile the
legisluted speed of the roud with the function of the roud.

The roud risk method used in New Zeuland sets out the method for calculating the speed limit for a
section of roud from the following information:

o The existing speed limit;

e The churacter of the surrounding lund environment (e.y., rurdl, fringe of city, fully developed);
e The function of u roud (i.e., urteridl, collector, or locul);

e Detuiled roudside development dutu (e.g., humber of houses, shops, schools, efc.);

e The humber und huture of side rouds;

e Roudwuy characteristics (e.g., mediun divided, lane width and humber of lanes, road geometry,
street lighting, sidewulks, cycle lunes, puarking, setback of fence line from the road);

e \ehicle, cycle, und pedestriun activity;
e Crush dutu; and
e Speed survey duta,

The roud risk method employed in New Zeulund is detdiled in Appendix E und includes u working
exumple.

Despite the fact that the road risk method downplays operating speed as a factor in developing the
speed limit, it is noted that the roud risk method should recommend speed limits that are consistent with
operdating speeds.

Expert System—USLIMITS2:

An expert system is one upjprouch thut cun be used to identify the uppropridte speed limit for u speed
zohe. Transportation Research Board’s (TRB) Specidal Report 254 argues that the expert system approach
deserves consideration becuause it provides u systematic and consistent method of examining und
weighing factors other thun vehicle operating speeds in determining an appropriute speed limit,"

Expert systems dim to mimic the expert’s thought process in solving complex problems.

The origindl expert system for setting speed limits wus developed by the Australiun Roud Reseurch Bourd
and wus based on site studies at over 60 locations. The field data were reviewed by d panel of experts
who used this informaution to come up with decision rules for uppropriate speed limits for different types
of rouds aund traffic conditions. This information was coded intfo a computer program which prompts
users to respond to u series of questions, which the system uses to recommend u speed limit. It is
importunt fo note that the Australiun expert system loyic is hard coded, und this system does hot leurn
from previous experience, us some other “smurt” expert systems do.

Federdl Highway Administration (FHWA) developed u knowledye-bused expert system for
recommending speed limits in speed zones that ure considered to be credible und enforceuble. The



expert system (knowh ds USLIMITS2) wus developed bused on results from previous resedrch, responses
from practitioners to hypotheticul cuse studies us part of two web-bused surveys, input from experts
from three punel meetinys, und lessons leurned from the first generation expert system developed by
the Australiun Roud Reseurch Board for FHWA.

USLIMITS2 is desighed to determine speed limits in speed zones on dll types of roadways, from rural two-
lune segments to urbun freeway segments. Speed limits not addressed by the system include statutory
limits (such as maximum limits set by State legislatures for interstates and other roadwuays), temporary or
purt-fime speed limits (such us limits posted in work zones und school zones), und variuble speed limits
that are ruised or lowered bused on truffic, wedther, und other conditions.

Based on input from the user, USLIMITS2 employs u decision algorithm to advise the user of the speed
limit for the specific roud section. Appropriute warnings dare dlso provided in a summary report that may
sugyest that additional information and/or daction is hecessary to address ureus of concern. The system
is meunt to ussist the user in Making the speed limit decision for u road segment, but will not make the
decision for him or her.

Overview of the Decisioh Rules ahd Data Requirements of USLIMITS2

A brief overview of the loyic flow und decision rules that are used in the expert system is described

in the followinyg section, ulonyg with the datda reguirements. For brevity, flow charts describing the
decision rules dre not provided here, they are avdiluble in the Nationul Cooperdtive Highway Resedrch
Program’s (NCHRP) Resecurch Results Digest 3182 The user is first asked to enter information ubout the
locution of the project und then indicute whether the roud is  limited uccess freewuy, roud section

in un undeveloped ureu, or u roud section in u developed ureu (photoyrauphs illustrating the roudway
types and definitions are provided in the User Guide, which caun be dowhlouded from
http://sufety.fhwa.dot.gov/USLIMITS). The following dre the roudway types:

e Limited uccess freeway
e Roud section in undeveloped ureus
e Roud section in developed ureus
» Residentidl subdivision/neighborhood street
» Residentidl collector street
» Commercidl street
» Street serving large complexes

Affer users select the roudwuy type, they ure tuken to u window where they ure usked to enfer the site
churucteristics. Tuble 3 shows the site characteristics users dre prompted to enter for each road type.



Table 3. USLIMITS2 Data Inputs for Road Types

Roud Type Site Churacteristics
Limited access freeway Operuting Speed: 85th percentile speed und 50th percentile speed.

Presence/ubsence of udverse dlignment.

Is this section transitioning to u hon-limited uccess highway?
Section length.

Current statutory limit for this type of road.

Terruin.

Annuaul uverage duily truffic,

Number of interchanges within this section.

Crash stutistics (if available).

Roud sections in Operuting speed: 85th percentile speed und 50th percentile speed.
undeveloped ureus

Presence/ubsence of audverse alignment.
Current statutory limit for this type of road.
Annudl average duily traffic,

Roudside hazard rating.

Number of lunes und presence/type of mediun.
Crush stutistics (if avuiluble).

Roud sections in Operduting speed: 85th percentile speed und 50th percentile speed.
developed ureus

Current statutory limit for this type of road.
Annuul averayge duily traffic,
Presence/ubsence of udverse ulignment.
Areu type.

Number of drivewuays in the section.
Number of fraffic signals within the section.
Presence/usuye of on-street purking.
Extent of pedestrian/bike activity.

Crush statistics (if avadilable).




For euch roudwuay type, the program culculutes u speed limit using one of two upprouches:
Approach 1—Based on operating speeds and results from the crash module.

In the crush module, the user is usked to enter the totul number of crushes und totul number
of injury crashes. In addifion, the user is usked to enter the uverayge crush rate und the
averuye rate of injury und fatdl crashes for similar sections in the sume jurisdiction. If duta on
average rates dre not avdiluble, the program makes use of uverage rates culculated with
datu from eight States that are part of the Highway Safety Information System (HSIS)
(http://www.hsisinfo.ory). Using the average crush rate and the average rate of injury und
futdl crushes, the proygram culculutes the criticul crush raute und criticul injury rate ut a

95 percent level of confidence.

If the crash or injury rate is higher than the corresponding criticul rates, or at least 30
percent higher than the corresponding uverage rates, the user is usked to indicute if
fraffic und geometric medusures cun reduce the crash and/or injury rate in this section. If
the user unswers “Yes” to this question, the recommended speed limit from this module

is the 5 mph (8 km/h) multiple closest to the 85th percentile speed. If the user unswers

*No” or *Unkhown,” the recommended speed limit from this module is the 5 mph (8 km/h)
increment obtuined by rounding dowh the 85th percentile speed (if crash or injury rate is
at leust 30 percent higher thun the auveruyge rate) or closest to the 50th percentile speed (if
the crash or injury rate is higher than the critical rate).

Approach 2—Based on operating speeds and other site characteristics (also called safety surrogates).

The surrogutes were chosen bused on input from the Expert Punel und evidence (bused
on previous reseurch) of u relationship between these surrogyutes und crush stutistics. For
freewuays, sufety surrogates include inferchunge spucing und unnuul average duily traffic
(AADT). Bused on the resedrch feum’s judgment in interpreting the results of the work of
Bared et dl.,* recommended speed limits are the followiny:

o [f AADT is higher than 180,000 und the uveruyge interchunge spucing is between 0.5 und 1 mile
(0.80 und 1.6 kms), the recommended speed limit from this upproach will be the 5 mph (8 km/h)
multiple obtuined by rounding down the 85th percentile speed.

o If AADT is higher thun 180,000 und the uveruge interchaunyge spucing is less than 0.5 mile (0.8 kms),
the recommended speed limit is the 5§ mph (8 km/h) multiple closest to the 50th percentile speed.

For other situations in freeways, the recommended speed limit from this upproach will be the 5 mph
(8 km/h) multiple closest to the 85th percentile speed.

For roud sections in undeveloped dreus, the roudside hazard rating® wus selected us the sufety
surrogute. The recommended speed limits are the following:

e Forroudside huzard ratings of 1, 2, or 3, the recommended speed limit is the 5 mph (8 km/h)
multiple closest to the 85th percentile speed.

e Forroudside huzard ratings of 4 or 5, the recommended speed limit is the 5 mph (8 km/h) multiple
obtdined by rounding down the 85th percentile speed.



e For roudside huzard ratings of 6 or 7, the speed limit is the 5 mph (8 km/h) multiple closest to the
50th percentile speed.

For roud sections in developed dreus, extent of pedestriun/bicycle uctivity, presence/usuge of on-street
parking, humber of traffic signdls, and the humber of drivewadys und uhsignalized access points were
selected us surrogutes. Bused on the FHWA-sponsored work on the Benefits of Access Maunagement,?
and the opinions of the Expert Panel, the following rules dre used to culculute the recommended speed
limit for roud sections in developed ureus:

If ut leust ohe of the followiny is frue, the speed limit is the 5 mph (8 km/h) multiple closest to the 50th
percentile speed:

e Signuls per mile > 4,

e Pedestriun/bike uctivity is High (definitions ure avdiluble in the USLIMITS2 User Guide).”
e Purkinyg uctivity is High (definitions ure uvdiluble in the USLIMITS2 User Guide).”

e Driveways per mile > 60.

If Driveways per mile > 40 and <60, und Signhdls per mile > 3, und Ared Type is (commercidl or residentiul-
collector) then the speed limit is the 5 mph (8 km/h) multiple obtuined by rounding down the 85th.

For dll other conditions, the speed limit is the 5 mph (8 km/h) mulfiple closest to the 85th percentile
speed.

The lower vulue of the speed limit from Approaches 1 und 2 is reported as the recommended speed
limit in the output window. The expert system does not recommend speed limits higher than the 5 mph
(8 km/h) increment closest to the 85th percentile speed; it ulso does hot recommend speed limits lower
than the 5 mph (8 km/h) increment closest to the 50th percentile speed. The system dlso provides
warnings if the 85th percentile speed is unusudlly low or high for a particular roud type.

In the output window, the program provides the recommended speed limit und some udditionul
warnings depending on the site churacteristics that were entered by the user. For exumple, warhings
dre provided if the following conditions occur:

e The lenyth of the section is shorter thun the minimum section lenyth for the recommended
speed limif.

¢ The final recommended speed limit is higher than the statutory limit for that type of roud.
o There is udverse dlignment in the section.

e The crush rate is higher than the critical crash rate or at least 30 percent higher than the average
crush rate,

e The rate of injury und fatal crashes is higher than the critical injury rate or at least 30 percent
higher than the auverage injury rate.

*Avdiluble ut http://Onlinepubs.frb.ory/onlinepubs/tronet/ucl/NCHRP 0367_FinulReport.pdf.



Appendix F is u sumple cuse study that outlines the data inputs and shows the dpplicable screens.

USLIMITS2 cuh be uccessed through the Internet at http://sufety.fhwa.dot.gov/USLIMITS,

Optimal Speeds

The concept of optimal speed limits is one that sugyests speed limits that are optimized from u
societul perspective considering the impacts that operating speeds have on the various societdl
objectives. It is recoynized that individudl drivers, in most instunces, do hot consider the risks imposed
onh others by their choice of driving speeds, or on the cumulutive effects of their speed choice on the
environment (i.e., fuel consumption, emissions, noise, etc.). The optimal speed for un individuadl driver
may be different from the optimal speed for o community.?’

Determining socidlly optimal speed limits is more complicated than culculating speed limits that have
been optimized for the individual driver. However, this method is congruent with and considers overdll
fransportation objectives und is thus appedling from a context sensitive solutions (CSS) perspective.

The optimum speed limit is the speed limit that yields the minimum total societal cost, which includes
vehicle operution costs, craush costs, travel time costs, und other sociul costs. This method of setting
speed limits is rarely used due to the difficulty of quantifying key varidbles.

As with any complex topic, whether u system is truly optimal is dependent on the perspective of the
analyst, The roud user, the taxpayer, the locul community, und society dll have differing views und
vulues uffecting the output of uny optimization process. For exumple, the societul cost of hoise cauused
by motor vehicle operution does hot have u fixed price, but hus u monetary value that is mainly
estublished by meuns of stuted preference. Motorists would likely place d lower vdlue on hoise than
locdl resident, perhups leuding to different optimal speeds for the sume roud.

In optimal speed limit setting, u totul cost Model is developed to express cost per mile of fravel us u
function of the posted speed limit. The totul cost includes crush cost, travel time cost, fuel consumption
cost, und vehicle emissions cost. Euch of these costs varies with the posted speed limit, and cost
curves dre obtuined bused on the relationship between costs and speeds. The optimal speed limit is
then determined us the minimum point on the totul cost curve. This Minimum totul cost indicutes the
minimum sociul cost of fransportation bused on U purticular set of conditions.

In generdl, the roud user perspective und the tuxpuyer perspective result in higher speed limits, while
the residentiul perspective results in the lowest. In some cuses, purticularly for motorways (freeways),
variation in the total costs of fravel is found fo be very smdaill for speeds in the range of 45 to 70 mph
(70 to 110 km/h), muking the choice of un optimal speed limit in this range almost un individual
ugency preference.

Optimal speed limits have beehn explored for use onh shared-use roadways in New Jersey.'® This
method of setting speed limits seems particularly useful in situations where pedestriuns, cyclists, und
motorized fraffic share the roud, und motorists may not be fully aware of the externdilities of their
speed on ofther roud users—in purticulur, the harm borne by pedestriuns und cyclists when struck by
u motor vehicle Moving ut u rapid speed. The Yany model for culculuting the optimal speed limit is
shown in Figure 2.
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Figure 2. Optimal Speed Limit Process.'®
*Vehicle-Pedestriun/Bicycle

In addition to the difficulty of achieving consensus on the costs, another characteristic of the optfimal
speed methodoloyy is that proposed speed limits may not be imMmediutely uppurent to roud users,
they may hot be conhgruent with the design of the roud, und ultimately may result in an inordinute
percentuyge of drivers exceediny the speed limit.

The optimual speed limit methodology has dlso been considered us un appropriate method of setfting
seusondl speed limits in jurisdictions with snow. The culculation showed that it is possible to upply the
optimul speed limits to dll roud und truffic conditions, except for urbun expressways for which the
optimal speed limit obtuined wus too low to be viuble.

Injury Minimization

The corherstone of the injury minimization approuch to setting speed limits is the tolerance of the human
body to injury during a crush. It is bused solely on u roud sufety plautform und tukes the position that it is
unethicul to creute u situation where futdlities are u likely outcome of u crush in order to reduce deluy,
fuel consumption, or other societul objectives.

The principal challenge in an injury Minimization approach to speed limits is to munage crash energy so
that ho user is exposed to impuct forces cupuble of causing deuth or serious injury. Thus vehicles cannot
legully tfravel at speeds where, in the event of a crash, the releuse of kinetic energy cun produce d
serious or fatdl injury.?® Under the current road system aund vehicle fleet, this would limit speeds to those
shownh inh Tuble 4.



Table 4. Speed Limits for Injury Minimization (Adapted from Reference 28)

Roud type Speed Limit, mph (km/h)
Rouds with u mix of mo’ror'ized und unprotected roud users 20 (30)

(i.e., pedestrians and cyclists)

Rouds with uncontrolled uccess where side impuct crushes cun result 30 (50)
Undivided rouds where heud-on crashes can result 45 (70)
Controlled uccess fucilities with u physical median sepur'u’fion, where >60 (>100)
ut-grade uccess und hon-motorized roud users ure prohibited

A sufe system strategy does hot imply that crashes are caused solely (or even muinly) by speed

and it recognizes that any given crash event is likely to be the result of un interplay of many factors.
Accordingly, u sufe system upprouch requires that dll uspects of the system work together for the sufest
possible outcome, with speed representing but one component, dlbeit a critical one.?®

The injury minimization upprouch to speed limit setting results in speed limits that are lower than
those traditiondlly used in North America (which are generdlly set by engineering and expert system
methods). Thus implementing dan injury Minimization approuch to speed limits would be problemuatic.,
The roud authority cannot simply lower the speed limit and expect immediate or substantial
compliunce. Drivers ure unlikely to fully respond except in the fuce of ulmost constunt enforcement.

As mentioned throughout this report, speed limits heed to be credible—they must generdily reflect driver
expectuncies regyurding travel speed. So while obtdining safe travel speeds is the prime objective of the
injury minimization upprouch (us well us the Mujor challenyge), it should be hoted that many jurisdictions
need to understund they ure starting from d point where driver expectuncies result in operuting speeds
that are higher than the target speeds of an injury minimization approach.

In order to uchieve sufe speeds und muke the ussociated speed limits credible for the driving
populution, roud uuthorities need to:

o Muke the roud und its environment more “self-explaining” through traffic control devices, publicity
und educution campudigns, und reconstruction where reguired; und

e Build u cuse over time for u hew puradigm as to what is regurded und leyislated us u sufe speed
limit for the street network.

A summuary of each method for setting speed limits and the advantages and disudvantages of educh
dre shown in Table 5.
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Table 5. Approaches to Setting Speed Limits

Approach Jurisdictions | Basic Premise Data Required Advantages Disadvantages
Engineering | United Stutes | The speed limit is The existing speed Usiny the 85th Drivers muy hot be
(Operutiny bused on the 85th profile us well us percentile speed udeyuute judyes
Speed) percentile speed, dutu on uccesses, ensures that the of the externdlities
und muy be slightly | pedestriun/bicycle speed limit does of their uctions, und
udjusted bused on truffic, curbside not place un may hot be uble
roud und fruffic purking, sufety undue burden on to self-select the
conditions und crush | performunce, etc. enforcement, und most uppropriate
history. frovides residents fravel speed. Speed
und businesses with | limits ure often set
u vdlid indicution of | lower thun the 85th
actudl travel speeds. | percentile speed.
Engineering | Cunudy, The speed limit Functionul The speed limit und | The roud risk
(Roud Risk) New Zeulund | is bused on the clussificution of the | the function of the methods muy result
function of the road | roud, sefting (urban/ | roud are alighed. in speed limits thut
and/or the adjucent | rurdl), surrounding The function of the are well below the
lund use und then land uses, uccess, roud ulso dictutes 85th percentile
udjusted bused on design feutures of many of the design | speeds, resulting in
roud und truffic the roud. elements of the un increused burden
conditions und crush roud, so this method | on enforcement if
history. dligns the speed remediul meusures
limits with the design | ure not employed
of the roud. (i.e., traffic calming,
etc.).
Expert United Speed limits ure Dutu heeds dejpend | A systemutic und Pructitioners muy
System Stutes, set by u computer oh the system, but consistent method need to rely on
Australiu progrum that yenherdlly expert of exumining und output from the
uses knowledye systems require the weighiny fuctors expert system
and inference sume duta as used other than vehicle without upplying u
procedures thut in the enyineeriny operuting speeds criticul review of the
simulute the upprouches. in determininy results.
judgment und an dppropriate
behavior of speed speed limit. It is
limit experts. reproducible und
provides consistency
in setting speed limits
within < jurisdiction.
Optimuil - The selected speed | Cost models und Provides u bulunced | Dutu collection
Speed Limits limit Minimizes input dutu to upprouch to setting | und prediction
the totul societul uccount for uir speed limits that models muy be
costs of transport follution, crushes, is considerute of difficult fo develop
when consideriny delay, etc. many (if hot all) und ure subject to
fravel time, vehicle of the impucts controversy umony
operuting costs, thut speed hus on professionuls,
roud crushes, truffic society. Allows for Resulting speed
noise, uir pollution, the considerution limits May not be
etc. of pedestriun und immediutely obvious
cyclist traffic in to the user.
setfting speed limits.
May be particularly
useful in u context
sensitive situution.
Injury Sweden, Speed limits ure set | Crush types und There is u sound This method is
Minimization/ | Netherlunds | uccording to the putterns for different | scientific link bused solely on u
Sufe System crush types that roud types, und between speed limits | roud sufety premise
ure likely to occur, survivubility rates for | und serious crush und muy hot be
the impuct forces different operuting prevention. Pluces u | uccepted us
that result, and speeds. high priority on roud | appropriate in some
the tolerunce of sufety., jurisdictions.
the human body
to withstaund these
forces.




Minimum Length of Speed Zones

The lenyth of uny section or zone set for u purticulur speed is typicully us long us possible und sfill
consistent with the underlying methodology. Applying minimum roud lengths dims to prevent having
frequent changes in speed limit dlong a road with varying characteristics. This section discusses the
upprouches severdl jurisdictions tuke in determining speed zone lenyth.

Mussachusetts and Ohio both recommend that the minimum length of o hew zone, hot contiguous to
un existing speed zone, be yreuter than or equal to 0.5 miles (0.8 kms) in length.'®2? Extensions of existing
wdrranted zones may be shorter. |In rural areus of Massuchusetts, each zonhe in d series of yraduuted
speed zones hormuailly is at leust 0.2 miles (0.3 kms) in length, and, if the speed limit is reduced from one
zohe to the next by 15 mph (25 km/h) or greuter, a REDUCED SPEED AHEAD sign is erected in advance
of the lower limit in order to inform Mmotorists to adjust their speeds accordingly.'®

The State of Floridu has ho required minimum lenyth for uny speed zohe, rather it is sugyested that
enhyineering judygment be upplied. With respect to graduuted speed limits, the Floridu guidelines
indicute that the buffer speed zones should not be so short that they require u driver to upply his/her
brakes to comply with the posted speed limit.3°

Gruduuted or buffer zones muy be used on upprouches to cities und towns to uccomplish u gradual
reduction of highway speeds to the speed posted ut the city limits. The chunye in speed between two
udjucent zones should hot hormally be gredter than 15 mph (24 km/h), because the chanyge in speed
would be too dbrupt for driver observance. If adjucent 85th percentile speeds show un dbrupt change
of more than 15 mph (24 km/h), Texus requires graduated zonhes, and recommends that a fransition
zohe of approximately 0.2 miles (0.3 kms) or more in length should be used.'?

States may specify the mMinimum incremental length of a speed zone. For exumple, Mussachusetts
reqyuires dll zones to be computed to the hearest tenth of a mile (0.16 kms).'®

In Texus, school zones ure exceptions und May be us short us reusonuble in urbun areus, depending on
approuch speeds. School zones in urban areas where speeds are 30 mph (50 km/h) or less may have
school zonhes us short us 200 to 300 feet (60 to 90 meters).!”

Alaska’s generdl rule for speed zone lenygth is that the minimum length of u speed zone is the distunce
fraveled in 25 seconds at the posted limit. While speed limit changes in Aluska are permitted in
increments of 5, 10, or 15 mph (8, 16, or 24 km/h), it is preferuble to use 10 or 15 mph (16 or 24 km/h)
chunges with reldtively lony zones rather than multiple short zones with 5 mph (8 km/h) increments.
When multiple speed studies made on a continuous segment of roud result in 85th percentile speeds
within 5 mph (8 km/h) of euch other, the results are typicdlly averaged to minimize the number of speed
limit changes. It muay be helpful to plot u speed profile ulony d roud using the 85th percentile speeds
from the spot speed checks. Different combinations of speed zone lehgths und speed limit chunhge
increments may then be compured to see which combination minimizes the humber of speed limit
chunyes while still conforming us closely us practical to spot speeds.®!
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The Cunudiun guidelines for setting speed limits recommend u minimum length of speed zone of 0.6 miles
(one kilometer) where the speed limit is 45 mph (70 km/h) or higher. Shorter lengths may be used ut slower
speeds, but speed zone lengths of less than one-third of a mile (500 Meters) should be avoided.?

Practice in Australia and New Zeulund is to vary the minimum length of u speed zone with the proposed
speed limit. To provide reusonuble consistency while avoiding excessive varidtions in speed limits, G
buldnce needs to be uchieved between:

e Roudside development;
e Roud environment; aund
¢ The humber of changes of speed limit,

The desirdble minimum typicul lengths, shown in Tuble 6, have been developed with these heeds in mind.*?

Table 6. Minimum Lengths of Speed Zones in New Zealand

Speed Limit, mph (km/h) Minimum Length of Zone, miles (km)
25 (40) 0.1(0.2)
30 (50)* Not upplicuble**
30, 35 (50, 60) 0.3 (0.5
45, 80, 55 (70, 80, 90) 1.25 2.0
60 (100) 2.0@.0)
70 (110) 6.0 (10.0)

*This is the urban default limit.
**If urbun default limit is used the mMinimum length of the zone is hot used in this procedure.

The level of development should be reusonubly consistent ulony the entire length of u speed limit, especidlly
in areus with spurse development. For example, it is not appropriate to install a 0.3 Mile (600 M lony),

45 mph (70 km/h) speed restriction in a rurdl area if the only development is located in a 300-foot (100 M)
section of roud in the middle of the proposed speed limit. In these circumstunces, roud users see no
reuson for the chunge in speed limit, compliance will be poor, variations in operating speeds will increuse,
and judgments of speed und distance become more difficult for dll roud users. Such conditions will usudilly
confribute to u reduction in sufety, especidlly for pedestrians and cyclists.™



Table 7. Minimum Length of Road for a Speed Limit 4

Speed Limit, Minimum Length,

mph (km/h) | Nature of Road and Adjacent Speed Limits miles (kms)

30 (60) Urbun street, udjucent speed limits 45 mph (70 km/h) or less. 0.3 (0.5)
Urban fringe, udjacent speed limits greater than 45 mph 0.6 (1.0
(70 km/h).

35 (60) Urbun arteridl route, udjucent speed limits 50 mph (80 km/h) 0.6 (1.0)
or less. 0.3 (0.5
Other situations.

45 (70) Partly built-up, udjucent speed limits 50 mph (80 km/h) or less. 0.6 (1.0)
Other situutions. 0.3 (0.5

50 (80) Arteridl route, udjucent speed limits 45 mph (70 km/h) or less. 0.6 (1.0)
Other situutions. 0.5(0.8)

60 (100) All situations. 1.2 (2.0)

All boundury points between speed limits must be ut, or close to, u point of significunt chanyge in the
roudside development or the roud environment to emphusize the chunge in speed limit. Appropriute
locutions include u mMarked chunge in the level or type of roudside development, a chunhge in the roud
geometry, u bridge, u threshold or other feuture that uffects speed (e.y., u roundubout or u curve).

A threshold treatment may be necessdry to reinforce u change in the speed limit where there is o
obvious chunge in the road environment.

Special Situations

Severdl situations not covered edrlier in this document are covered in this section. Certain geometric
condifions, school zonhes, und work zones ure exumples of situutions that may reyuire considerations in
uddition to the concepts dlreudy presented.

Advisory Speeds

Advisory speeds dre used on short sections of road where the physical conditions of the roadway restrict
sufe operating speed to something lower than the maximum legal speed (e.y., U horizontdl curve).
Advisory speeds ure typicully used becuuse the feduture that dictutes the lower speed is isoluted, und

it is hot feusible or desiruble to udjust the legul speed for u short section of roud. The posted regulutory
speed limit is not lowered to conform to the udvisory speed. Similarly, an advisory speed within a
regulutory speed zone is not posted if the advisory speed is higher thun the posted speed limit.

In erecting udvisory speed signs, cure should be tuken not to install a regulatory speed limit sigh so
hedr the udvisory speed sign that drivers may become confused by two different speed values. More
importantly, regulatory speed signs should hot be locuted between dan advisory speed sigh and the
locution o which the udvisory speed upplies.'” The sepuration between sighs should be in accordunce
with the MUTCD.
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The most common use of udvisory speeds is on horizontdl curves. More information on udvisory speeds
cun be found in the ITE Informationul Report Methodologies for the Determindation of Advisory Speeds
and the FHWA handbook Procedures for Setting Advisory Speeds oh Curves.®®:4°

Nighttime Speed Limits

Speeds are normually posted on the basis of daylight speed values determined under good wedather
conditfions. It is permissible, however, for different day and night speeds to be posted for speed zones
where it cun be shown to be hecessury by un engineering study.

Nighttime speed limits generdily beygin 30 minutes after sunset and end 30 minutes before sunrise,
dlthough this may vary by jurisdiction. Nighttime speed limits are generdlly established on rouds where
sufety problems require a speed lower than what is prescribed by the daytime limit, and the operdting
speed thut is self-selected by drivers. Exumples of rouds that might reguire nighttime speed limits are
non-illuminuted rouds with reldtively high operating speeds und un overrepresentution of crushes during
“dark” environmentul conditions, or rouds crossing the routes und movement putterns of lurge-sized,
nocturnul wildlife.

Where different speed limits are prescribed for day and hight, both limits shall be posted. A Night Speed
Limit sign (R2-3)* may be combined with or installed below the standard Speed Limit (R2-1) sign.'®

School Zone Speed Limits

Reduced speed limits should be considered for school zones during the hours when children are goinyg
to und from school. Usudlly such school speed zones ure only considered for schools locuted udjucent
to highways or visible from highwuys. However, school-uge pedestriun uctivity should be the primary
busis for implementing reduced school zone speed limits. This includes irregular traffic and pedestrian
movements that may result from children being dropped off and picked up from school.™

A review of U.S. State school zone speed limits showed that most States use u school zone speed limit
of 15 1o 25 mph (25 to 40 km/h) in urbun and suburban areus, with 20 mph (30 km/h) being the Most
common.* VicRouds Austrdlia proposes the followiny:

e Qutside schools onh 30 mph (50 km/h) roads: A permanent 25 mph (40 km/h) speed limit. In some
specidl cuses, such us on high traffic volume streets, a time-based 25 mph (40 km/h) limit may be
upplied.

e Qutside schools on 35 und 45 mph (60 und 70 km/h) rouds: A time-bused 25 mph (40 km/h) speed
limit that is in effect during school entry and exit times on school days.

e Qutside schools on 80, 55 und 60 mph (80, 90 und 100 km/h) rouds: A time-bused 35 mph
(60 km/h) speed limit that is in effect during school entry und exit times on school days.®?

Since school zone speed limits ure uctive only for certdin times of the day, it is desirdble that the school
zohe speed limit be ho more thun 12 mph (20 km/h) below the speed limit on the approduches. This
removes the requirement for a MAXIMUM SPEED AHEAD sign (which would only be vdlid when the
SCHOOL ZONE MAXIMUM SPEED sign is activated).”’

*Numbers in purentheses refer to the corresponding siyn humber in the MUTCD.



Ultimately, school zohe speed limits, like other speed limits, ought to be bused on unh enygineering study
und truffic investigution to determine whether they are warranted, us well us un uppropriate reduced
speed limit for the study ared. The investigution hormally considers fuctors such us existing traffic control,
whether school crosswalks dre present, the type und volume of vehicular traffic, the uges und volume
of school children likely to be present, und the locution of children in relation to motorized truffic. The
most common fuctors considered in the enyineering study are:

¢ Children wualking ulong or crossing the roadway;

e Fenciny uround school property;

o Number und size of gups in traffic for school-age pedestrians to cross the street;

e Presence of crossing guards;

e Averuyge pedestrian demand per uppropriate gup;

e Student enrollment at the school;

e Locution of school property (i.e., ubutting the roud dllowunce or visible from street); und
e Presence of sidewulks.

A School Speed Limit assembly or u School Speed Limit (§5-1) sigh shall be used to indicute the speed
limit where d reduced speed zonhe for u school areu has been estublished (in uccordunce with law
bused upon un enyineering study) or where d speed limit is specified for such areus by stutute.’® The
School Speed Limit ussembly or School Speed Limit sign shall be placed ut, or us hear as pructicdl,
the point where the reduced speed zone beyins. According to the MUTCD, the reduced speed zone
should beyin either at a point 200 ft (120 m) in advance of the school grounds, a school crossing, or
other school-reluted activities. This distaunce should be incredsed if the reduced school speed limit is
30 mph (60 km/h) or more below the speed limit on the upprouch.' Locul regulations muay provide
Mmore stringent guidunce, reyuiring yreuter distunces thun specified ubove.

The School Speed Limit assembly shall be either u fixed-messuge sign ussembly or u chuhygeuble message
sign. The fixed-messuge School Speed Limit assembly shall consist of a top plugyue (54-3P) with the legend
SCHOOL, u Speed Limit (R2-1) sign, und u bottom plugue (S4-1P, S4-2P, S4-4P, or S4-6P) indicuting the
specific periods of the duy and/or days of the week that the school speed limit is in effect.’®

A Reduced School Speed Limit Aheud (84-5, S4-5u) sign is hormally used to inform roud users of u
school zone speed limit where the speed limit is 10 mph (15 km/h) or more below the speed limit on the
approuch roud, or where enygineering judgment indicates that advance hotice is appropriate. If used,
the advance warhing ussembly is typicdlly installed not less than 150 ft (45 m) nor more than 700 ft

(210 m) in udvunce of the school grounds or school crossings.

The end of un uuthorized und posted school speed zone shull be marked with un End School Speed
Limit (§5-3) sigh und muay be marked with a standard Speed Limit signh showinyg the speed limit for the
section of highway that follows.'®
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Work Zone Regulatory Speeds

Traffic control in work sites is designed on the ussumption that drivers will only reduce their speeds if they
cleurly perceive u need to do so; therefore, reduced speed zoning ouyght to be avoided us much us
practicable. Speed Limit signs are erected only for the limits of the section of roadwday where speed
reduction is hecessary for the sufe operation of fruffic and protection of construction personnel. The
reduced speed limits ure effective only within the limits where signs ure erected. If reduced speed limits
dre hot hecessury for the sufe operation of trauffic during certuin construction operations or those duys
and hours when the contractor is hot working, the regulatory construction Speed Limit sighs are typically
mude inoperutive. In selecting the speeds to be posted, consideration is given to sufe stopping sight
distunces, construction eyuipment crossings, the nature of the construction project, and any other
factors which uffect the safety of the traveling public und construction workers.

The regulatory Speed Limit sigh (R2-1) shall be used.™

Truck Speed Limits

Speeds are normuailly posted on the basis of dll motorized traffic. It is permissible, and in some cases
desirdble, for trucks und other heuvy commerciul vehicles to have different (i.e., lower) muximum
speeds thun pussenyer curs. The heed for u lower speed limit for tfrucks is primarily demonstrated us
necessury by un enyineering study considering factors such us mugnitude und length of roudway
grades, horizontul curvature, etc. Where different speed limits ure prescribed for trucks and pussenyer
curs, both limits shall be posted. A Truck Speed Limit sigh (R2-2) may be combined with or installed
below the standurd Speed Limit (R2-1) sign.'®

The sufety effectiveness of differentiul speed limits for trucks is inconclusive.

Minimum Speed Limits

Minimum speed limits are generdlly justified when studies show that slow-movinhg vehicles on any part
of u highwuy consistently impede the hormal und reusonuble movement of fruffic to such un extent
that they contribute to unhecessary lune chanyging or passing maneuvers. The maximum speed

limits und the need for minimum speed limits mMust be determined from the sume speed check dutu,
Whenever minimum speed zones dre used, the minimum posted speed should be within 5 mph

(8 km/h) of the 15th percentile value.” The Mihimum Speed Limit (R2-4) sign muy be instadlled below
a Speed Limit (R2-1) sign to indicute the minimum legal speed. If desired, these two sighs may be
combined on one sigh punel (R2-4u).'S

Variable Speed Limits

Variuble speed limits ure speed limits that change, using dynumic sigh messuges, bused on roud, fruffic,
and wedther conditions. Varidble speed limits offer consideruble promise in restoring the credibility

of speed limits und improving sufety by restricting speeds during udverse conditions. Variuble speed
limit systems may use sensors to monitor prevdiling traffic and/or wedather conditions, and input from
fransportation professiondls and law enforcement in posting uppropriate enforceuble speed limits on
dynumic messuyge signs.

The most common conditions that warrant variable speed limits are traffic congestion, road
construction, incident mMunuyement, foy, snow, ice, und other weuther-related situutions.



Variable speed limits are being successfully used in Europe, und ure used or dre beiny tested by severdl
State departments of tfransportation such as Colorado, New Jersey, Utah, Washington, and Wyoming.
The speed limit that is to be posted depends on the purpose for installing the variable speed limit. In
cuses where conhgestion or post-incident management are the impetus for use, the recommended
speed limit for the condition is generdlly u function of the auveruge speed of fruffic, und un uttempt

to minimize speed differentidls in the traffic stream. Wedther-reluted varidble speed limits often are
determined by an dlgorithm that uses data gathered from road wedther monitoring stations.

Transition Zone Speed Limits

Transition zone speed limits are generdlly considered when there is a speed reduction of more than 25 mph
(40 km/h) between adjucent zones, uhd may be considered at other locutions if u field ussessment hus
determined that a fransition zone speed limit may improve sufety or fraffic operdations. The followiny
factors may be considered in determining the heed for d transition zone speed limit:

e Roudwuy operuting speeds in udvunce of speed reduction.

o Existing operutionul/sufety issues (i.e., due to speed differentiul between vehicles, speed
exceediny that which is considered suitable for the roadway environment).

e History of overly uggressive braking at the enfrance to the reduced speed limit areu,
e Low speed limit compliunce in the lower speed limit areu.,

e Expected compliunce with u frunsition speed zone (i.e., will motorists perceive it to be justified by
the surrounding roadway environment?).

In situations where rural rouds upprouch und continue through urbun areus und villuges, there is u
need for u commensurute reduction in the speed limit that reflects the change in the roudway and the
roudside character. In muny instances these speed transitions cun be sizable, and the roud authority
heeds to post un infermediute or transition zone speed limit to assist drivers in slowing down.

Transition zone speed limits dre typicdlly set to divide the overdll speed reduction approximately in half,
For instunce, u speed limit decreuse from 60 mph (100 km/h) to 30 mph (50 km/h) might use u fransition
speed limit of 45 mph (70 km/h) or 50 mph (80 km/h).

The minimum transition speed zonhe length usudlly dllows for the plucement of REDUCED SPEED AHEAD
signs und a sufficient speed zone length to uchieve compliunce.

An excellent source of information on high-to-low speed transition zones that includes speed limits and
other meusures is avdiluble from the Nuational Cooperative Highway Research Program,®

Seasonal or Holiday Speed Limits

A seusondl or holiduy speed limit upplies for u specified period or periods during u yeaur, generdlly ut
locutions with significantly different levels of roadside activity at different times—for example, u beuch
resort that is popular in summer, but only sparsely populated for the remainder of the year. Typicdlly,
when the level of activity is at its highest, d reldtively low speed limit would be appropriate, while the
level of uctivity would justify the reldtively high speed limit otherwise.
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Reevaluation

After u speed limit is established, chanhges in the roadway geometry, land uses, or other circumstances
could prompt u heed for further study to determine if the limit heeds to be raised or lowered. The MUTCD
recommends that engineering studies be conducted to reevaluate non-stututory speed limits on rouds
that have undergone sighificant changes since the last review, such as the addition or elimination of
purking or driveways, chunges in the number of fravel l[unes, chunges in the configuration of bicycle
lanes, changes in traffic control signal coordination, or significant changes in fraffic volumes. ™ ITE provides
similur guidunce reyurding the importunce of revisiting sites to conduct speed studies every five yeurs or
wheh chuhyges are made to roadways to ensure that the speed limits are still appropriate.

In Texus, periodic rechecks of dll zones ure desiruble ut intervals of ubout three to five years in urbun
dreus reyurdless of roudwuay improvements, roudside developments, or increuses in traffic volumes. Tridl
runs or rechecks of every third speed check station may be made. In rural areus, rechecks dre desirable
atintervals of 5 to 10 years. In many instances, trial runs May be sufficient. If the speed checks or fridl
runs indicute u heed for revision of the zone, rechecks of speeds should be mude ut dll speed check
stutions for that particular section and d revised strip Mup Mude und submitted.'?

Muassuchusetts recommends that considerdation be given to revising humerical limits that vary by 7 mph
(11 km/h) from the 85th percentile speed when rechecks dre performed. They diso feel it is beneficial to
muke u compurison of the crush experience for zones that have been in effect for u year or more.'®



Speed Limit Sign Design and Placement

Speed Limit signs must be correctly posted to ensure u speed limit is enforceuble und to encouruyge
compliance. Typicul maximum Speed Limit sighs are shown in Figure 3. In North Americu, the latest
editions of the MUTCD und Stanhdard Highway Sighs® should be referenced wheh developing sighing
for speed zones. The MUTCD contuains Standards, Guidunce, and Options for the sighing, and generdl
guidelines to follow for the designh und luyout of the signs aure contuined in Stanhdard Highway Sighs. The
generdl guidelines show different standard sizes depending oh the type of highway or fucility where the
sign is infended to be.

In generdl, Standard Highway Sighs states that signs for regulatory speed zonhes shall be of the
appropriate design—including size, text, and color.®® The MUTCD states that the speed limits shown shaill
be in multiples of 5 mph (8 km/h).™®

Section 2A of the MUTCD discusses standuardization of locdtion, mounting height, laterdl offset,
orientation, posts, und mountings. Speed Limit (R2-1) signs, indicuting speed limits for which posting

is required by law, shadll be locuted dt the points of change from ohe speed limit to another. At the

end of the section to which a speed Iimit applies, a Speed Limit sigh showing the hext speed limit shaill
be instulled. Additional Speed Limit sighs shull be instulled beyond mujor intersections, downstreum

of eyresses from muaijor fraffic generators, and at other locations where it is hecessary to remind road
users of the speed limit that is upplicuble. Speed Limit signs indicuting the statutory speed limits shall be
installed ut entrances to the State and dt jurisdictionul bounduries of metropolitan areds.'s In rural ureus,
oh two-luhe highways, Washington State recommends locuting Speed Limit sighs at 10 to 20 mile

(16 to 32 km) intervals,*

SPEED| |MAXIMUM
LIMIT

0| 5

United States Canada Europe/Australia /United Kingdom

Figure 3. International Speed Limit Signs.

The preferred locution for the beyinning und endiny points of speed zones is where there are definite
changes in the character of the roudside development, like rural und urbun boundaries. It is often
desiruble to beyin und end d speed zohe to encompduss an important roud intersection or driveway of
u mujor generator like schools or residential developments. It is important to note the locution of other
fruffic control devices in the segment und coordinute Speed Limit sighs with them effectively.?®
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For dll highways in Washington State, signs for both directions of travel should be locuted opposite one
another at speed zone bounddaries. Furthermore, signs should be installed on both sides of the fraveled
way oh multi-lune divided highways. If existing highway fedtures prohibit opposite installations, the signs

may be installed a muximum distance of 300 feet
(100 meters) upurt, or offset up to 150 feet (50
meters) in either direction from the speed zone
bounduary. If these distunce purumeters cunnot
be met, the speed zone boundary may heed to _i__ﬂ

be udjusted to dllow for sign installation.® SPEED
LIMIT

Figure 4 illustrates the typical location and
frequency of signs for regulutory speed zones
estublished by the Texus DOT. Distunces shown
between Speed Limit signs ure minimums und URBAN
muy be greuter, depending on the results of DISTRICT
speed checks.'”

0.2-0.5mi

The following six States offer guidunce
concerning repetition of Speed Limit signs:

¢ Alaska: Intermediute Speed Limit signs
should be placed ut least once every | e
two minutes of fruvel time on urbun . v
rouds, und ho More than ten minutes 4+
dpurt on rurdl roads (except on low \
volume rurul rouds where the signs may
be up to 30 minutes apart). 40

r 3

¢ Arizona: Where the speed limit is less than
55 mph (90 km/h), the recommended
mauximum spucing is given by the formulu
S=V/6, where S is the muximum distunce RURAL
between Speed Limit signs in miles and V DISTRICT —'—\ - ry

0.2-0.5mi

is the speed limit in miles per hour. In rurdl
dreus where the speed limit is 55 mph
(90 km/h) or yreuter, the formula is
modified fo S = V/5.

* California: On freewuys with limits of 65 v
or 70 mph (105 or 110 km/h), spucing is to
be ho more than 25 miles (37 km) apart, SPEED
Where the freeway speed limit is reduced LIMIT
to 55 mph (90 km/h), Speed Limit signs ure 55
to be ho more than 3 mi (6 km) apart, On
conventiondl rouds, the muximum spuciny
between Speed Limit signs is no more than
5 1o 10 miles (8 to 16 km).

Pl

Figure 4. Example Regulatory Speed Zone Application
Showing Spacing of Signs Transitioning from Rural District
to Urban District and Within the Urban District. (Source:
Adapted from the Texas Department of Transportation.'®)
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* Minnesota: Speed Limif signs dre to be repeated at intervals of 60 seconds of fravel ut the posted
speed where speed is reduced. The repetition mauy be less in dense urbun areus. The mMuximum
spucing between Speed Limit signs in rural areus is 10 miles (16 km).

* New York: Where d roadway speed limit is restricted relative to the State speed limit, a second
Speed Limit sign is placed within 1100 ft (336 m) of the first. Subsequent Speed Limit sighs are to be
no further apart than 100 times the posted speed limit (e.y., for u restricted speed of 35 mph
(60 km/h) the muximum sepuration is 3500 ft (1068 m)).

¢ Pennsylvania: Where speciul speed limits ure in effect, the spucing between Speed Limit signs
must be no more than 0.5 miles.

Internutionul practices include:

* United Kingdom and Ireland: Pluce Speed Limit signs at approximately half-mile infervals where
speed is restricted to less than the hational speed limit for that class of roud,

¢ British Columbia, Canada: On lony, uninterrupted sections of rurdl highways, it is recommended
that Speed Limit signs be repeuted dt leust every 9 to 12 miles (15 to 20 km). Additiondilly, a
repeuter Speed Limit sign should be placed 1000 to 2000 ft (300 to 600 m) downstreum of
wherever the speed limit chanyes.

Speed Feedback Signs

A Speed Feedbuck sigh (ulso cualled a driver feedback sigh, or varidble message sign) is an inferactive
sign, generdlly constructed of u series of light emitting diodes (LEDs), that displays actudl vehicle speed
to drivers us they upprouch the sign (see Figure 5). The purpose of this sign is to reduce vehicle speeds
by making drivers aware of their
speed relutive to the posted speed
limit.*° Studies have found that Speed
Feedbuck signs cun be effective in
reducing meun and 85th percentile
speeds in u variety of situations.

If used, the chunygeuble messuye

sign legend should be “YOUR SPEED

XX MPH” or similar wording. The

legend should be yellow on a bluck
background or the reverse of these
colors. Installation of u Speed Feedbuck
sign is optionul, but if used it should be
installed in conjunction with a Speed
Limit sign.'®

Speed Feedbuck signs are particularly
useful ut speed reductions where drivers
huve been fraveling for some time ut u
higher speed. The phenomenon known
us “speed udaptation” causes drivers Figure 5. Speed Feedback Sign. (Source: Richard Drdul)
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I
to underestimate their actudl operating speeds in these instances, and the Speed Feedbuck signh can
assist them in achieving the necessury speed reduction.

Speed Feedbuck signs may be permaunent or temporary instullations. However, permanent installations
are usudlly restricted to selected locutions since u proliferation of Speed Feedbuck sighs could lessen
the effectiveness of the sighs when they dre needed most.

Speed Feedbuck signs typicully operute us follows:
e A blank display is showh wheh no vehicles ure approuching the sign.

e An upprouching vehicle’s speed is displuyed us u solid humeral (hon-flushing humerdl) if the
upprouch speed is ut or below the posted speed limit.

e The upprouch speed is shown us u flushing numerdl if the upprouch speed exceeds the posted
speed limit by 3 mph (6 km/h) or more.

e To discouruye rucing, the sign must be programmed to hot displuy speeds that ure well in excess
of the posted speed limit. In these instances, the sign is most often blunk. The mMuximum speed
that a Driver Feedback sign may display is outlined in the table below:

Table 8. Maximum Speeds to Trigger a Speed Feedback Sign

Posted Speed Limit, mph (km/h) Maximum Speed Display Threshold, mph (km/h)

20 (30) or less 30 (60)

25 (40) 35 (60)

30 (50) 50 (80)

35 (60) 55 (90)

45 (70) 70 (110)

50 (80) 75 (120)

55 (90) or more 80 (130)

Source: Alberta Transportation®’

Speed Feedbuck signs are most effective when combined with enforcement activities.



Speed Study Data Collection

Data collection is un infegral part of setting speed limits. Adequdute planning and coordination must
occur to ensure the dutu collection process is us complete, efficient, und effective us possible. This
section describes typicul activities that highway agencies will undergo to plun and implement d
data collection effort. Severdl types of data, including speed, crash, und roudway environment
information, are vital to this process. The ITE Mahudl of Transportation Engineering Studies* provides
guidunce in this regurd.

The dutu collection reyuirements depend onh the methodoloyy selected by d jurisdiction in setting
posted speed limits. The Sufe Systems approach, for instance, requires very little data collection since it
is bused oh very busic roud design purameters (e.g., humber and fregquency of uccesses, presence of
a raised median, etc.) und generdl traffic characteristics (e.y., type and frequency of roud users). The
dutu collection effort is relatively minor.

The Optimal Speed Limit methodology has a more intfensive duta collection effort. While the data
required for the purticular roudway under study is generdlly munagedble, there is d lurge volume of
locul dutu that is reyuired to cdlibrate the prediction equautions und models that dare used ussessing the
societdl impucts of the different speed limit dlternutives. A discussion concerning the models und their
culibration is beyond the scope of this document. Project-specific data that is required us input to these
models is detdiled in the followinyg subsections of this chapter.

The remuinder of this chupter describes the collection process for dutu that is most offen used in the
engineering und expert systems methodologies. The exact duta needs dre determined by the method
employed by the roud authority—more or less data than described herein may be required.

Data Collection Planning and Coordination

Speed zoning studies ure conducted to evaluate sufety issues and identify appropriate speed limits

for specific roudway segments. In addition to actudl travel speeds, there are severdl other types of
informaution that muy be uppropriute input to the process of settiny speed limits. Therefore, coordination
within aun ugency performing the study und with other ugencies that muy have additional information
may be heeded to ehsure dll the appropriate inputs ure considered. Crush duta, recent und plaunned
roudwday or adjacent lund use chanhyges, and even unecdotal information can be obtuined from sufety,
planning, enforcement, and other stukeholders. The data collected will be used to examine the speeds
of free-flowing fruffic, us well as information onh roudway geometry, crash characteristics, lund use, and
uccess. The studies provide detuils reyurding some or dll of the followiny:

e Average unhudl und hourly vehicular, bicycle, und pedestrian fraffic volume.
o Truffic speeds for euch flow direction by hour of day.

e Roud desigh elements that may be crash factors, such as horizontal and vertfical road curvature,
access points, drainuge, puvement condition, sight distance restrictions, roudside objects,
sighage, markings and delineution, etc.

e Roud lighting und truffic control devices, including sighals, signadl timing, and STOP signs.

e Summuary of crashes und craush causes over a multiyedr period.
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e Pluns for expected hew development, changes in the type of development, or mdujor closing of
existing development that may change the tfraffic flow characteristics in the future.

e Recommendutions for the speed limit.™

When plunning the dutu collection uctivity, it is importunt to document und control uny uspect of

the collection that might have aun impact on the meusured speed. Meusurauble physical features,
roudwday surface characteristics and conditions, and traffic characteristics and control are items to be
inventoried. If conditions are hot reldtively consistent throughout the zone under study, considerdation
cun be yiven to splitting the study ureu into shorter sections. For exumple, if the road transitions from a
2-lane to u 4-lune divided facility, or from on-street parking o ho parking, or from rural agricultural land
use to u commerciul or residentiul lund use, then speed sumples ure typicully fuken in euch section.
Factors such us roudwuay lighting and delineution are reflective of roud geometry und lund use, but are
hot necessarily factors that warrant splitting a study dred into shorter sections.

Variables considered for documentation of the site include (but may not be limited to):
e Locution und roudwuy configuration.

e Lunes, delineution, shoulders, mediuns, grude sepurution, roudside objects, drivewuys or
entfrunces, curvuture or grades, lighting, efc.

e Posted speed limit.

o Weduther (limiting meusurements to fuir wedather is preferable).
e Direction.

e Restricted sight distunce.

e Pedestriun uctivity.

o Cyclist uctivity.

e Dute und time (in o common formut umony collections).
o Truffic control devices (regulatory and warning).

e Type und condition of pavement surfuces.

e Businesses, udvertising, or residential developments.

e Proximate schools und school routes.

e Surrounding ureu chunges in fravel habits or influences.

e \eyetution chanyes.

In most instances, the variables collected by a particular roud authority dre dependent on the
methodoloyy used in that jurisdiction to set speed limits, the expected effect of the variuble on
operuting speeds, und uvdiluble resources.



When undertaking duta collection efforts, it is important to understand if there dre activities or
conditions outside of the study ureu that may uffect meusurements, including construction or
Mmuintenunce uctivities in the dred, roud closures, detours, the presence of enforcement, and whether
proximate schools ure in session.

Study Area

A speed zone study cun be initiated in response to a public request for a speed limit review, as a result
of network screening (for crash prone locutions), or for any other reuson. |In dll situdtions, a general study
dred is identified through the initial request or duta analysis. The study area can then be divided into
homoyeneous sections for unalysis. A homoygeneous section is one where:

e The roudside development is consistent (residential vs. commercidl; type und frequency of
businesses und drivewuys, etc.); und

e The roudwuy feutures ure consistent (lune widths, mediuns, shoulders, surface roughness,
curvature, intersection spucing, etc.).

The dutu collection ureu will typicully extend 500 feet beyond euch end of the proposed speed zone
in order to include heurby feutures. These feutures will help to determine the homogyeneity of the
proposed speed zone, und whether the study dred limits should be extended. It may be helpful to take
photoyraphs of feutures in the intended speed zone und the extended study ureu, us they mauy be
helpful in describing uny concerns within the study area,

A sculed ureu mup, sketch, or ueridl view is usudlly developed to show the study ureu und the field
condifions. Generdlly, a speed zohe study used o support a request for alteration of d speed limit
would include this exhibit to identify the locution of the proposed zone und dny fedtures of interest.
A strip mup, or line diugrum, is un exumple of un uppropriute formut for the exhibit, und detuils the
informution that cun be shown on the mup. The dutu points cun be collected using u Geoyruphic
Information Systems (GIS) unit, which helps improve the auccuracy of the strip map. Figure 6 shows un
exumple of u strip Map that is appropriate for u speed zone study. Tuble 9 shows the information that
should be shown on u strip Mup.
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Figure 6. An Example of a Sirip Map of a Study Area Showing Existing Conditions. (Source: CalTrans, 2009)
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Table 9. Information to Show on Strip Map

Information ltem

Notes

Name und highway humber of the
route to be zonhed

Show dll hames and/or highway humbers.

Indicute sections to be zoned with g wide center line on the
strip mMup.

Cross section

Width of the roudwuay/lunes.
Pavement markings.
Number of lanes.

Purking restrictions.

Crossrouds, cross streets, and driveway
access points

Show dll hames und highway humbers.

Limits of the speed zone

Indicute reference marker, milepoint, control, und/or section
numbers.

Adjoininy speed zone(s) of connectiny
mup(s)

Note speed limit information for adjoining roadwday sections.

Limits of uny incorporated city or tfown

Show reference marker, milepoint, control, and section humbers.

Numes und upproximute limits of the
developed dreu of unincorporuted
towns

Indicate by "Beyginnhing of Developed Ared” und “End of
Developed Areu” under the heudiny, "Development”—
not as “City Limits.”

Urbun districts

Indicate uny urban district clearly under the headiny
"Development.”

The territory contiguous to und including uny highway or
street which is built up with structures devoted to business,
industry or dwelling houses, situated at intervals of less than
100 feet for u distance of 0.25 mile or more on either side.

Schools und school crossinys

Show schools ubutting the highway and those in the vicinity
of the highway.

Show locution of schools.

Show dll school crosswulks.

Traffic signals

Show locution of existing devices to did in proper spucing
und plucement of speed zone signs.

Important fraffic generators

Show dll fuctories, shopping centers/malls, and uny other
estublishments that attract lurge volumes of truffic.

Bull bunk reudinys

Show reudinys for euch direction of fravel for ull curves.

Ruilroud crossings

Indicate the number of tracks und type of grade crossing
protection (crossbucks, cuntilevers, crossbucks with signals,
ygutes).

Show the nume of the rdilroud ut euch crossing.

Bridges

Indicute if the roudwauy on the bridye is harrower than the
roudway on either side of it.

Source: Adupted from the Texas Department of Transportation. ™
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Speed Data Collection

The result of the speed dutu collection effort is un uccurute picture of the range of vehicles und driver
behavior in the study dreu. In uddition to collecting spot speeds of vehicles traveling through the study
dredy, test runs cun be used to confirm free-flow speeds und compure study dreu speeds to udjucent
dreus outside the speed zone. These dutu, combined with other crash, roadway environment, und
enforcement information, feed into the duta analysis und the determination of the speed limit as
discussed in the next section.

Vehicle Speeds

A vuriety of methods ure avdiluble to meusure speeds. These methods cun gyenerdlly be grouped into
three cuteyories bused on the instdllution location of the collection equipment:

o Munudlly-operated, hundheld devices that dre portuble and cun be used in most places
(e.y., stopwutch, radar gun, und lidar gun).

¢ |n-roud devices that are instdlled into or on top of the roudway surface (e.y., pheumatic roud tube).

e Out-of-roud devices thut ure installed overheud or to the side of the roadwuay surfuce
(e.y. radur recorders).

The advantuges und disadvantages for several common speed collection devices are shown in Table 10,
und should be considered when selecting u device for use ut u purticular locution.

Ideully, data collection:

e Uses technigues thut cupture typicul truffic behuvior without uffecting it.

o Collects free-flow vehicles und ighores platoons (less than 5 seconds separation from the vehicle
aheud”).

e Collects vehicle type dlong with the speed so that speed profiles for different vehicle types can
be identified, if desired.

The vehicles checked should be only those in which drivers are choosing their own speed or ure free-
flowing. When d line of vehicles moving closely behind edch other puasses the speed check station, only
the speed of the first vehicle is checked, since the other drivers may not be choosing their own speed.
Vehicles involved in pussing or turning muneuvers ure not to be checked, becduuse they ure probubly
driving ut un ubnormual rate of speed. Turninyg lunes, or other specidl l[unes, ure hot hormally used to
collect speed dutu,

* Some unulysts prefer to discurd u speed Meusurement if u vehicle is following unother vehicle within five seconds, us the leud
driver may be slower thun they would ordinarily be fraveling in an open roud situation.



Table 10. Advantages and Disadvantages of Speed Collection Devices (Adapted from Reference 43)

Data Equipment
Method Collected Labor Cost* Advantages Disadvantages
Radar Instantaneous | Low High Little labor required to User cannot randomly
Recorders |speed, truffic collect und tabulate data: | select vehicles for data
volumes, cun collect data forlony | set; some devices
vehicle cluss, periods of fime; other may hot uccurately
traffic flow fraffic-reluted data may collect dutu for multi-
gups™™* be collected uf the sume | lune roudways und/or
fime; cun be used when determine directiondlity
snowplows may be present | of observed vehicles;
without risk of dumugye; equipment-intfensive
less visible to traveling method; muintenance/
public thun roud tubes culibration reguired
Pneumuatic | Instuntaneous | Low Medium Little labor reyuired to Visible to traveliny public
Roud Tube | speed, truffic collect und tubulute which may chaunge
volumes, datu; can collect data for | driver behavior; user
vehicle cluss, lony periods of time; other | cunnot randomly select
traffic flow fraffic-related data may | vehicles for duta set;
gups™* be collected ut the use discouraged when
sume time snowplows muy be
present; most equipment-
intensive method;
muintenunce/culibration
reyuired
Laser Gun | Instantaneous | Medium | High Equipment is eusily Cosine error limits
speed portuble; user controls horizontal/verticadl
vehicles sumpled us deployment; scopes und
u more focused luser sights may not be user-
beum limits the number friendly; luser beaums more
of reudings for hon-target | sensitive to environmentdal
vehicles us compdred to | variunces thun radar;
radar muintenunce/cdlibration
reyuired
Rudar Guh | Instantaneous | Medium | Medium Equipment is eusily Cosine error limits
speed portuble; user controls horizontal/verticdl
vehicles sumpled; deployment; closely-
uccurute dutu collection | spuced und laryger
Mmethod; widespread vehicles muy creute
equipment avdilubility hus | readings for non-turgeted
lowered its cost vehicles; muintenunce/
culibration reguired
Stopwutch | Travel time High Low Little eyuipment to Lubor-intensive; collects
over u purchase and maintain; fime data that needs 1o
distunce eusy to perform dutu be converted to speed
collection process daty; typicdally low
accuracy

*Equipment costs reflect the initial purchasing costs of the equipment und hot future muintenance und cdlibration costs.

**The umount of udditional datu collected varies for each device. Consult the device’s user manudl for a better understanding

of the cupubilities.
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Due to different physicul und operational characteristics of trucks und buses, datu for these vehicles
dre usudlly recorded sepurdtely. If sepaurate speed limits are believed warranted for large frucks or other
vehicle clussifications, a separate count and andalysis of these vehicles muay be heeded.

Dutu collection forms help orgunize dutu for the spot speed study. Appendix G (Exumple Speed Study
Forms) contuins a sumple “Vehicle Spot Speed Study” datu collection sheet from the Florida DOT.2°

The speed profile for u particular roud section cun only be estimuated by medsuring individudl speeds
through d spot speed study. Prior to conducting these studies, the minimum number of vehicles for
which speed dutu ure heeded to sufficiently estimate speed purameters should be estimated. The
minimum numiber of vehicles reyuired to uccurautely estimute the speed profile is dependent on the
level of confidence reqyuired for the stutisticul unalysis of the dutu, The ITE Munhudl of Transportation
Engineering Studies* presents the following equdtion to calculate the mMinimum sample size for
estimating the 85th percentile speed:

_ SPK*(2+U?)
N 2E?

Where:
N = minimum humber of Meusured speeds
S = estimated sumple standurd deviation, mph
K = constant corresponding to desired confidence level
U = constunt corresponding to the desired percentile speed
E = permitted error in the speed estimute, mMph
The Manual of Transportation Engineering Studies provides tubles for determining the values for S, K,

and U. Tuble 11 shows an exumple sumple size culculation for estimating the 85th percentile speed,
using this formula,*

Table 11. Example Calculation of Sample Size for Study to Determine 85th Percentile Speed

Assumptions:
The averuyge stundurd devidtion is rounded to 5.0 mph S=5.0mph
The desired confidence level is 95 percent K=1.96
The study will determine 85th percentile speed U=1.04
The permitted error is 2 mph E=2mph
Calculation:
Sumple Size N =37
Analysis:
Using a sumple size of 37, the 85th percentile speed cun be determined within 2 mph at a 95 percent
confidence level.




Performing the saume culculation with a permitted error of 1 mph (E = 1 mph) results in a sample size of 148.
A common sumple size for many jurisdictions is 100 vehicles. Assuming a standard deviation of 5 mph, and
using a 95 percent level of confidence, the 100 vehicle sumple size will yield between a 1 and 2 mph error in
the 85th percentile speed, and it makes culculation of the 85th percentile fairly simple (refer to Appendix H).

Table 12 lists the sumple sizes und sumple periods used by three States. Most States use 100 or more
vehicles in euch direction for each station. Since meeting the minimum collection duta on low-volume
rouds cun be difficult, udjustments on the sumple size cun be mude bused on the durution of the
collection period. On highways carrying low traffic volumes, the speed checks ut any one stution are
usudlly discontinued after fwo hours, even if a minimum of 100 vehicles have not been recorded.

Table 12. Sample Sizes and Data Collection Periods Used by Three States

State Sample Size Exceptions

MASSACHUSETTS'® 100 or more vehicles in euch On highwuys currying low tfruffic
direction should be checked ut volumes, the checks ut any one
euch stution. stution mMuy be discontinued ufter

two hours ulthough a minimum of 100
vehicles have hot been timed.

OHIO? Record speeds of 100 vehicles for Observation heed hot exceed one
euch direction of travel. hour even if less than 100 vehicles ure
recorded travelinyg in euch direction.
TEXAS™ A minimum of 125 curs in euch Discontinue ufter two hours if radar
direction, ut euch stution, is used, or ufter four hours if u truffic

counter thut clussifies vehicles by type
is used—even if 125 curs have not
been fimed.

The Manudl of Transportation Engineering Studies formuld for determining d spot speed sumple size

is premised on u random sample of vehicles over the course of the fime. Since the andlyst is usudlly
stationed ut the study site for u limited time, the speed dutu is uctudlly ussembled from u cluster sumple.
Cluster sumpling generdlly increuses the varidbility of sumple estimates ubove that of simple random
sumpling, und for this reason cluster sumpling usudlly requires a larger sample than simple random
sumpling to uchieve the sume level of accuracy. Therefore, saumple sizes that are slightly larger than those
predicted by the Manhudl of Transportation Engineering Studies formula would increuse the uccuracy of
the 85th percentile speed estimate. Furthermore, the fimes at which the spot speed sample is conducted
should include observuble speeds that are representdtive of the operating speeds for dll times of the day.

If automuted collection of speed dutu is employed, then it is possible to collect dutu for extended
periods. Collecting duta for a 24-hour period will account for variation in traffic patterns and will cllow
for determinution of different speed limits for different times of the duay, if needed. For exumple, u time-
limited school zone speed limit or a nighttime speed limit.

Cuare must be exercised when using automated duta collection to ensure that only free-flow speeds are
collected, und that duta collection units are placed sufficiently far from intersections and other points of
access where vehicles that are uccelerdating/decelerating may influence the speed profile.
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Speed check stations need to be
locuted to show dill the important
changes in prevailing speeds. The
duta collector should pick d location
that will not influence the behavior
of the drivers. Tuble 13 shows
recommendutions for speed check
stations for three States for both
urbun und rurdl areus. While these
Stutes provide some guidunce in the
form of set distunces between speed
check stutions, it is importaunt to
remember that it is hot the distunce
between stations that is critical—
rather it is the changes in the road,
fraffic, and environment that may
leud to different speed profiles

und operuting speeds. Distunces
between speed check stutions may
be increused or decreused from
those provided accordingly.

Figure 7. Radar Sefup.

Rudur speed meters, which operute on the Doppler principle, or lidar, which operutes on u luser principle,
are hormually used for muking munuaul speed checks. These devices typicdlly operate from the power

of uh uutomobile buttery und yive direct readings of vehicle speeds which are accurate to within 2

mph (8 km/h).'” The operating instructions for the radar unit will provide fuctors for culibration, optimum
distunce of survey, und optimum ungle of survey. Speed meusurement should be done in an unobtrusive,
undetectuble munner so us to obtuin U sumple of normal truffic speeds. If the radur operdtion is detected
by drivers, there is the potential for the duta to be bidused us drivers change their speeds.® Figure 7 shows

an exumple of a radar operation
sefup.

Automutic speed clussificution
eyuipment technologyy may be used
in determining vehiculaur speeds for
use in calculating 85th percentile
speed. Exumples of technoloyies ure
counter-clussifiers with the capudbility
of clussifying vehicles, determining
vehicular speeds, und differentiating
the yup between vehicles. These
devices muy include video imuyiny,
fube counters, mugnetic counters,
inductive counters, etc.'” Figure 8
shows uh example of u portable
fraffic andlyzer. With automatic data
collection eyuipment, speed dutu is
normally collected af sites for ut least
a 24-hour period.
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The reuson for collectiny spoft speed dutu is to estimute the free-flow speed of u fucility for use in setting
speed limits. Ordinuarily, it is only hecessury to collect spot speed dutu once during the time-of-day,

and the day-of-week that will yield the best estimate of free-flowiny speeds. Collecting speed dutu

at more thun one time-of-day or duy-of-week is dependent on the analyst’s confidence in the single
Mmeusurement representing the true free-flow speed for the fucility. Additional spot speed studies ut u
single locution mMuy dlso be conducted if the undlyst is considering u variuble speed limit, or u speed
limit that is time-limited (i.e., a school zone speed limif).

Table 13. Speed Check Stations for Three States

State Speed Check Station Layout Information

MASSACHUSETTS'® URBAN e Speed check stations should be strateyicdlly locuted to show dill
the importunt changes to municipdlities; speed check stations
should generdlly be locuted at intervals not to exceed 0.25
miles, depending upon the loculity and the uniformity of physicadl
and traffic conditions. Much closer spucing than this may be
necessury to obtuin un uccurute picture of the speed puttern.

RURAL e |n rural ureus, the spucing of speed check stutions muy be ut
much ygreuter intervals provided they properly reflect the generdl
speed puttern. There should be dt leust one observation for euch
direction of travel in euch zone of u different numerical limit.

OHIO® e Speed checks muy be tuken with uny device that will indicute
vehicle speed with an accuracy of +/-10 percent.

o Speed checks should be tuken at the 1/3 point (fotul of four
checks) for zohes 0.25-1.00 mile in length, and at 0.5-0.75 mile
intervals for zones over 1 mile in length.

TEXAS™ URBAN e Should yenerdilly be locuted at intervuls of 0.25 mile or less if

necessury to ensure un dccurate picture of the speed putterns.

e Should be locuted midwuy between sighuls or 0.2 miles from any
signal, whichever is less, to ensure un uccurate representation of
speed putterns.

e Should take info uccount locdlity, and the uhiformity of physical and
fraffic conditions mMay be determined by fridl runs through the area if
volumes ure too low or if u recheck of speeds is dll that is needed.

e Should be checked midway between interchaunges on the muin
lanes of expressways and freeways,

RURAL o Muay be dt infervals greater than 0.25 mile, us lony us the generdl

speed puttern is followed und may only be hecessury ut euch

end und the middle point if the charaucteristics of the roudway

dre consistent throughout the entire section.

o Muay be determined by trial runs through the area if the
chuaracteristics of the roudway dre consistent throughout the entire
section und u speed check in that section indicutes thut 125 vehicles
cunnot be checked within the two hours if radar is used, or dfter four
hours if u fraffic counter that clussifies vehicles by type is used.

47



Speed Test Runs

The purpose of the test runs is to yenherute un operuting speed profile und ensure that medusured spot
speeds ure representutive of speeds throughout the section.

The generdl ideu is to perform severdl runs ut free-flow speeds us u way to confirm the speed dutu
collected for use in determining 85th percentile speed and compdare spot speeds to the test run speeds
for the full study section. When planning test runs, in generail:

o Test runs should be mMaude by driving us fust as it is comfortably sufe,

e Test runs should be made so that other truffic will not delay the test cur.

¢ The speed should be recorded at u range of 0.10 to 0.25 mile (.15 km to .45 km) interval or more.
e The uveruge speed of three test runs should be determined in euch direction.®

An dlternative methodoloyy for conducting d speed test run is the flouting car method, i.e., following
curs und recording their speeds or journey times through the study ured. This method dllows un
ussessment of u driver’s free-flow speed, und hot the desired speed of the person conducting the
survey (us this might differ from the generdl population).

To counter arguments that the 85th percentile spot speed studies are hot representative of the
operdting speeds ulony the entire street, u test run speed profile can be combined with the spot 85th
percentile speeds to obtain un 85th percentile speed profile ! The speed profile is established by an
individual driving the roud in his or her usudl manner, while an observer records the fime for the vehicle
to travel u set interval (e.g., 100 m). Then the followiny procedure cun be used to develop dun 85th
percentile speed profile (the dutu in Tuble 14 is referenced to demonstrate method):

e For euch locution where d spot speed is meusured, compuarison fuctors dare culculated by
dividing the 85th percentile speed by the test run speeds und the uverage test run speeds for
the sume locdution. In the exumple, there ure two locutions where spot speeds were mMeusured—
Station 0+600 und Station 1+600.

e The variution of compurison fuctors for euch test run is determined sepuarautely. In the exumple,
there are only two comjpurison factors for euch test run, so the difference between the two
factors is used us the mMedusure of variunce.

e The compurison fuctors for the test run with the lowest variation are then uveraged und this
averuye factor becomes the correction factor. In the example, Test Run 1 has the lowest
variation.

e The uveruye test run speed for euch locdation is multiplied by the correction factor to yield an
estimated 85th percentile speed for euch location.®!



Table 14. Example of Using Speed Test Runs to Confirm 85th Percentile Speeds (km/h)

Test Run Comparison Factor
Estimated
Spot 85th
Speed 85th Percentile
Station | Percentile 1 2 Average 1 2 Average Speed
0+000 85 86 86 88
0+200 87 86 87 89
0+400 84 79 82 84
0+600 83 80 88 84 1.038 0.943 0.988 86
0+800 82 84 83 85
1+000 80 78 79 81
1+200 75 78 77 78
1+400 62 63 63 64
1+600 71 70 66 68 1.014 1.076 1.044 70
1+800 69 71 70 72
2+000 72 70 71 73
Variation 0.023 0.133 0.056
e | 1o

Data Analysis

The ITE Truffic Engineering Council Technicul Committee surveyed the speed zoning practices used by
agencies ucross the United States. The committee collected speed zoning yuidelines from 40 Stutes und
cohducted 124 surveys with ITE members serving as traffic engineers in State und locul ugencies. Based
on the results of the survey, the most importunt fuctors considered for recommending d speed limit ure:
85th percentile speed; followed by roadway yeometry, crush exposure, and roudside development.”
This section discusses the compilution of speed und crush dutu used to develop the inputs to the speed
limit setting process.

85th Percentile Speed

The Manhual on Uniform Traffic Cohtrol Devices (MUTCD) lists the current speed distribution of free-flowiny
vehicles us u primary factor fo consider when estublishing speed limits. The MUTCD dilso states that the
speed limit should be within 5 mph (8 km/h) of the 85th percentile speed.’

The 85th percentile speed is the speed at or below which 85 percent of the free-flowing vehicles

fravel, and has traditiondlly been considered in an engineering study to establish a speed limit. Traffic
enygineers have ussumed that this high percentage of drivers will select u sufe speed on the busis of the
conditions ut the site. The 85th percentile speed is considered the first upproximation for the speed limit.

The Ohio Depurtment of Transportation collects vehicle speeds even if it is not possible to observe free-
flow conditions. Then the 85th percentile speed of dll vehicles is increused 5 to 10 mph (8 to 16 km/h) to
upproximate the free-flow 85th percentile speed. If the 85th percentile speed of severdl speed checks varies
considerably, the 85th percentile speeds are averaged, or the most representative speed is selected.’”
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A convenient way to determine speed percentiles is u frequency distribution tuble. Ah exumple, with un
explanation of how to use it, is provided in Appendix H.

10 mph (16 km/h) Pace

The speeds of individudl vehicles on a highway vary. Speed dispersion refers to this spread in vehicle
speeds. The 10 mph (16 km/h) pace is the ten mile-per-hour runge of speeds contuining the greutest
humber of observed speeds und is u mMeusure of speed dispersion. It is described by both the speed
vdlue dt the lower end of the range und the percentage of dll vehicles that are within the range; and,
thus, is an indicator of speed dispersion.

A normul speed distribution contuins upproximately 70 percent of the vehicles within the pace, with
upproximutely 15 percent of the vehicles below und 15 percent ubove the limits of the puce speed.
The upper limit of the 10 mph (16 km/h) puce speed is therefore approximately the 85th percentile
speed in most cuses. However, the upper limit of the pace speed May vary from the 85th percentile
speed, depending on the distribution curve of the vehicle speeds.

There is generdl agreement that the sufest conditions occur when dll vehicles at d site are traveling at
ubout the sume speed.

Crash Data

Crush datu are typicudlly considered in establishing speed limits. The factors potentidlly contributing to
the craushes should be examined to determine whether speeding wus involved, or whether the speeds
were too high for a specific condition or fedature. Speed contributes to the severity of a crash, and sites
with a history of severe injury or fatal crashes may be locutions with high levels of speediny. The Nutiondl
Highway Traffic Safety Administration (NHTSA) considers u crash to be speeding-reluted if the driver

wus charged with d speeding-related offense or if an officer indicated that racing, driving too fast for
conditions, or exceeding the posted speed limit wus a contributing factor in the crash.#

Crush dutu may be uccessed viu State, locul, county or community-wide dutubuses. These

databuses may be housed within State agencies including the Department of Sufety, Department

of Transportation, or State Highway Patrol, within locdl law enforcement agencies, or within the court
system. In some cuses there muy be some informution missing from the dutubuse. For exumple, if
dutubuse is not GPS-bused, or does hot include detuiled information regurding the locution of u crush,
it may be difficult to locute the site. In some communities the data is still maintuined in puper format,
and manudlly reviewing puper records is time consuming und costly. Coordinating field data collection
and crash andalysis prior o the start of the program is one way to minimize costs.

A review of crush data caun show whether the study drea hus a higher than average crash experience,
und whether the portion of crashes that uppeur to be reluted to speedinyg is higher than average. The
MUTCD recommends reviewing reported crush experience for ut leust u 12-month period.' Twelve
months is considered u short-term crush count und is insufficient us a busis for muking sound sufety
decisions. The implicutions of crash frequency fluctuation und variation of site conditions ure often

in conflict. On ohe hund, the yeur-to-yeur fluctuution in crush frequencies tends towaurd ucyuiring

more yeurs of dutu to determine the expected uverage crush frequency. On the other haund,

changes in site conditions caun shorten the length of fime for which crash frequencies are valid for
considering averages. This conflict between crush duta variations und chunging site conditions reyuires
consideruble judgment in selecting un analysis period.

Typicdlly, roud authorities review crash datu for u three- to five-year period.



When crush datu are collected, it is important to consider the followinyg factors before interpreting
existing dutu or guthering hew dutu:

e Only consider dutu collected on roud segments that are within the study areu.

o Guther cuteyorized detdils ubout the site geometry, fraffic control devices, signuye, wedther,
lighting conditions, time of day, duy of week, interaction with other vehicles, etc.

e Minimize the umount of emphusis placed on individudl (severe) crushes rather than frends or
Clusters of crashes.

o Differentiate between mid-block und intersection crushes.

e When compuring crush dutusets, ensure that the sume filtering criteria aure used to develop the
dutusets,

o Wutch for datu formut issues between dutu sources und collection periods to uvoid difficulties in
codiny und unalysis.

e Although dutu should be sunitized for driver identity before reporting, muintdining u link to the raw
dutu source until the dutu is ready to be published or used for the lust time will make it possible to
go buck to the source eusily to supplement und verify detdils for analysis and report generation.

e Note extenuuting circumstunces thut may preclude or overshadow typicul trends und unalyses
and be prepured to filter or cavedt them (e.y., long-term construction zones, new developments,
Mmujor chunyes or reconstruction, etc.).

Some Mmeusure of the crush experience of the study site cun be developed and compdared o the
averuyge of that measurement for similar sites in a jurisdiction. Examples are crash frequency, crash
density, and crush rate. Some ugencies factor crash severity into safety andlyses by giving a higher
weight to injury and fatal crashes. The average of this frequency, rate, or other meusure, for dll
roudways of a similar type (such as urban 4-lune undivided arteridls) in u State would be a good vulue
for compurison. A discussion of how the anadlyzed datu are used in determining speed limits is presented
in the hext section.

Isolating the effect of one crash fuctor, such us speed, cun be a chullehye. Often it is difficult to identify
the role of speed in crashes, und for this reuson it is thought that speed-related crashes ure often under-
reported.” For this reason, dll crashes mMay be considered in setting speed limits.

A crush diagram is often prepdred us u part of the sufety undlysis to help identify patterns und trends in
the crash data,

The stute-of-the-art in crash data andlysis und determining the sufety performance of a fucility is
contdined in the Highway Safety Manudl. This document provides analytical tools and technigues for
estimating the expected crash risk of different facilities, and it can dlso be used in ussessing the sufety
effects of u chaunhye in the posted speed limit.
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SPEED LIMIT ENFORCEMENT

While a properly selected speed limit is hopefully self-enforcing, the redility is that an effective speed limit
generdlly relies in purt on enforcement of the limit. The engineering community has four main roles in
speed enforcement:

o Communicute with those responsible for enforcement during the setting of speed limits;
e Provide dutu to enforcement officidls so they may effectively deploy enforcement resources;

e Provide und muintain automuted speed enforcement (ASE) equipment and technoloyies (where
dllowed); und

¢ |ntegrate feutures in the road desigh to facilitate speed enforcement (i.e., laybys and median
opehinys that assist enforcement personnel).

Becuuse speed limits und enforcement are intertwined, it is important for the roud authority to lidise
with enforcement personnel before setting a speed limit for a facility. Enforcement personnel have
experience und uhiyue insights into the enforceubility of speed limits that may be used to ensure that
rationul speed limits are upplied.

Speed enforcement is essentidlly a crash countermedusure und therefore benefits from d proper
understanding of the persons, pluce, fime, and conditions that foster speeding. Engineering personnel
cun provide speed und crush dutu us well us citizen compldints to enforcement personnel so thut
dppropriute enforcement strateygies ure identified. This dutu-driven upjprouch to resource deployment
cun taryet specific scenurios of speeding or types of speeding uctivities (e.y., commuters, ufter-school,
racing, deliveries, etfc.).

Automuted speed enforcement uses eyuipment to monitor speeds und photoyraph offenders to
produce citations that are muailed to the reyistered owner of the vehicle. ASE is particularly effective
at locutions where the roadway geometry or traffic volumes make it difficult fo use more traditiondl
methods (e.y., requiring u truffic stop). This strateyy requires endabling leyislation, if such legislation has
not dlready been pussed. NHTSA's Speed Enforcement Camera Systems Operdational Guidelines is <
useful reference.®

The enygineering community is generdilly involved in ASE, s it reyuires speed cameras that are
muintuined by the road authority. In dll cases, enforcement personnel heed to be involved und dn
infegral part of any ASE uctivities.

A combinution of the various enforcement strategies described dabove, in uddition to engineering und
communicutions counfermeusures, muy contribute to onygoing compliunce with the speed limit. When
an effective speed enforcement program is sustained, it can continue to deter speeders. The NHTSA
und FHWA Speed Enforcement Program Guidelines is u useful reference.*?



CASE STUDIES

To demonstrate the application of some of the principles und methods presented in this informational
report, two cuse studies ure presented. The cuse studies use existing rouds und redl dutd, In both
cuses, the posted speed limit is determined by the engineering, expert system, optimul speed, und sufe
systems methods. It is hoted that not dll of the datu was collected for each of the methods, und for the
suke of presenting euch of the speed limit setting methods, reusonuble assumptions were made ubout
some vulues.

The outcomes may or mMay not match with the actudl posted speed limit as determined by the
goverhing roaud authority. This does hot suggest that the road authorities are using outdated or incorrect
methods in setfting their speed limits. On the confrary, the methods used to set the initial and/or revised
speed limits were in compliance with State statutes and requirements und the guidance provided in the
federal MUTCD.

[t must be remembered that in dlil speed limit setting studies, the tools and technigyues that are avdilable
to the practitioner are intended 1o ussist the practitioner in Making u decision—it is guidance and hot
direction us to the speed limit to be posted. Enygineering judgment must be upplied.
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CASE STUDY 1: Urban Collector Road

As purt of u speed limit reevaluution process, the City of Paulm Bay, Floridu, identified Eldron Boulevard
from Jupiter Boulevurd to Ruleigh Roud for unalysis. The study ureu wus selected bused on the followiny
considerations:

e The roudside development is consistent throughout the study ureu;
¢ The physical fedatures of the roud dre consistent throughout the study areu; and

e The study ureu is bounded by signulized intersections ut both ends of Eldron Boulevard, which
form a natural bredk-point for speed zonhing.

Eldron Boulevurd is a horth-south collector roud upproximutely 2.3 miles long und locuted in a
northeustern portion of the City. The study segment is essentidlly straight and flut, with a design speed of
50 mph or more. It is a two-lane, undivided facility with ho shoulder and un 8-foot wide sidewulk on the
eust side of the roud, locuted ubout eight feet from the edye of the puvement. The lune widths are 12
feet euch.

The contiguous und surrounding land use is single-family residential. There are 85 single-family residential
driveways, ohe minor commercial driveway, and 26 two-way, stop cohntrolled intersections that access
Eldron Boulevard. The areud is busicdlly fully developed, und truffic volumes ure relutively stuble over time.

Eldron Boulevurd is a4 municipdl transit route. Parking is not prohibited, but huppens very infrequently.
Pedestrian volumes ure typicul for a residentidl street, und cyclist volumes dre considered low. Street
lighting is present throughout the study uredu.

Given the consistent physical features throughout the study dared, d single spot speed measurement
locution wus deemed sufficient. However, given the length of the study dred, and us un extra
precuution, the unalysts decided to meusure spot speeds ut two locutions. The spot speed stutions
were spuced evenly in the study areu, und were locuted away from intersections or mMujor drivewdys
that would include vehicles chunhging speeds while using these accesses. Pneumatic roud tubes were
used to collect spot speed dutu ut two locutions in the study dured; the results ure us follows:

North Station South Station
Posted Speed Limit 40 40
Mediun Speed (50th Percentile) 38.8 37.2
Averuge (Meun) Speed 39.3 32.2
85th Percentile Speed 43.4 43.0
10-mph Puce 35-44 35-44
Percent Exceediny the Speed Limit 48.3 32.2

Five test runs were undertuken through the study ureu, und the average test run speed wus 41 mph.

From Januury 2009 to July 2010 (19 months), there were 19 crushes in the study ured. Two of these
crushes resulted in persondl injuries, none in futdlities. The uverayge duily traffic volume during this fime
wus 9200 vehicles per day. The crash rate for this road is 1.55 crashes per million-vehicle-miles (MVM).
The averuge crash rate for these types of fucilities is 2.22 crashes/MVM.



Engineering Method Using Operating Speed
Using the lllinois DOT Method

STEP 1: Establish the Prevailing Speed

The prevdiling speed is the uveruye of the 85th percentile speed, the upper limit of the 10 mph puce,
und the uveruye test run speed, rounded to the nheurest 5 mph increment.

A B © (A+B+C)/3
85th Percentile Upper Limit of the Averuge Test Run Prevdiling Speed
Station Speed (Mph) 10-mph Pace (Mph) Speed (mph) (Mmph)
North 43.4 44 41 42.8
South 43.0 44 41 42.7

The prevdiling speed rounded to the nedrest 5 mph increment is 45 mph for both locutions in the study area,

STEP 2: Supplementary Investigations

Adjustment factors for determining the proposed posted speed limit us determined by further
investigation of the followiny four conditions:

e FElevated Crush Risk: The speed zone beinyg studied has a crash rate of 1.55 crashes/MVM, which
is lower than the statewide average of 2.22 craushes/MVM for these types of roads. Hence, there is
no udjustment required for crush risk.

e Access Control: The uccess conflict number (ACN) is culculated for the speed zonhe, bused on
85 single—family, residentiul driveways, one minor, commercidl driveway, and 27 two-wday, stop-
controlled intersections in the study areu:

ACN~* Reduction (%)
<40 0
41 to 60 5
> 60 10
% 4CN — Ng+3Npy+10N;
L
Where:
N, = Number of field enfrunces und drivewuys fo single-fumily dwellings
N_ = Number of drivewuys to minor commerciul entrances, mulfi-fumily residential units, und
minor street intersections
N, = Number of drivewauys to mujor commerciul entrances, lurge multi-fumily developments,

und muyijor street intersections
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Therefore, bused on accesses, it is uppropriate to lower the prevdiling speed (from Step 1) by 10 percent.

e Pedestriun Activity: The pedestriun uctivity is typicul for u residential areu, is uccommoduted
by d sidewdlk on one side of the street, und is not considered "sighificunt pedestrian activity.”
No further udjustment is required for this factor.

e Parking: Purking is neyligible und is not u fuctor in determined the posted speed limit.

The total adjustment from the 4 different factors is 10 percent.

Step 3: Selection of Preliminary Speed Limit

The preliminary speed limit is either the culculated prevdiling speed (from Step 1), or if the optiondl
investigation wus undertaken, it is the prevdiling speed us udjusted by application of the percentage
corrections from the optionadl investigution (Step 2). Since Step 2 was undertaken, the preliminary posted
speed limit is:

e 45 mph - (0.1"45 mph) = 41 mph
The following rules upply to the outcome:

o The preliminary posted speed limit should be the closest 5 mph increment to the (adjusted)
prevdiling speed. This results in a preliminary posted speed of 40 mph.

e The preliminary posted speed limit shall not differ from the prevdiling speed (from Step 1) by more
than @ mph or by more than 20 percent, whichever is less. This condition is sutisfied by the 40 mph
preliminary posted speed limit.

Therefore, the proposed preliminary speed limit is 40 mph.

Step 4: Violation Check

The proposed speed limit should be either the preliminary posted speed limit or the 50th percentile
speed, whichever is gredter. In this cuse, the mediun speeds dre 38 to 39 mph, so the preliminary posted
speed limit of 40 mph is valid.

It is noted that the statutory speed limit for Eldron Boulevard is 30 mph, which is less than the preliminary
posted speed limit determined ubove. At this point, the road authority has the option of either posting
at the statutory speed, or the proposed speed limit.

The lllinois Method of setfting speed limits results in G recommended speed limit of 40 mph.



Using the Northwestern Speed Zoning Technique

Step 1: The Minimum Speed Study

North 43.4 (70) 71 (44) 66 (41)
South 43.0 (69) 71 (44) 66 (41)

For the minimum speed study, speed meusurements yield the following:

85th Percentile Speed 70 3 210
Upper Limit of the Puce 70 3 210
Averuge Test Run Speed 80 4 320

Sum 740

The weighted averayge is 740/10 = 74 km/h, which sugygests u speed limit of 75 km/h based solely on the
speed dutu,

The suggested speed limit needs to be checked agdinst the mdujor physicul fedatures of the roud. The
design speed of Eldron Boulevard is 50 mph (80 km/h), and the length of roud under study is 2.3 miles
(3.7 kms). The uveruye distunce between intersections is:

_ 23 miles Seet
D= 26 intersections * 5280 mile ~

467 feet = 142 meters

110 400 1.5 110
100 300 1.0 100
90 250 0.8 90
90 175 0.7 > 80
70 125 0.6 70
70 100 0.5 60
50 75 0.4 50
50 60 0.3 40
30 45 0.2 30




All three criteria are sutisfied by u 70 km/h (45 mph) speed limit. Therefore the minimum study
recommends d speed limit of 70 km/h (45 mph).

Continuing on with the detdiled andilysis, the factors determined from the various tables are:

Adjustment Factors
Non-commerciul Access (Tuble 20) -5
Commercidl Access (Tuble 20) +5
Lane Width (Tuble 21) +5
Functionul Clussification (Table 22) -5
Mediun Type (Tuble 23) 0
Shoulder Type und Width (Table 24) 0
Pedestrian Activity (Table 25) -15
Parking Activity (Tuble 26) 0
Roudwuy Alighment (Tuble 27) +10
Crush Rate (Table 28) +10
Totals +30| -25|=+5

The overdill udjustment factor (OAF) is +5 which can be used to determine the multiplication factor (MF) us:
MF = (100+OAF)/100 = (100+5)/100 =1.05

The multiplication factor is less than 1.25 and greater than 0.75; therefore, the recommended speed
limit (SL) is the speed limit from the minimum study multiplied by the multiplication factor and rounded to
the nearest 10 km/h:

SL = 70km/h * 1.05 =73.5 km/h = 75 km/h or 45 mph
The recommended speed limit bused on the Northwestern Speed Zonihg method is 45 mph.

Expert Systems Approach Using USLIMITS2

The dutu from the Eldron Boulevard speed limit study wus entered into the USLIMITS2 program

to determine the recommended speed limit for this section of roud. The entered dutu und the
recommended speed limit are shown in the boxed dured below. The speed limit recommended by the
USLIMITS2 approuch is 40 mph.



USLIMITS2 Data Output
Top of Form

Basic Project Information

Project Name - Case Study 1

Project Number -

Project Dute — 09-21-2011

State - Florida

County — Brevard County

City — Pulm Bay City

Route - Eldron Boulevard

Route Type — Roud Section in Developed Ared
Termini from — Jupiter Boulevard

Termini to — Ruleigh Roud

Route Status — EXISTING

Description — FHWA/ITE Informational Report
Cuse Study

Roadway Information

85th Percentile Speed - 43 mph

50th Percentile Speed - 39 mph

Section Lenyth — 2.30 mile(s)

Statutory Speed Limit — 30 mile(s)

AADT - 9200

Adverse Alignment — No

Lunes und Presence/Type of Mediun — Two-lune
roud or undivided multi-lune.

Number of Lunes — 2

Areu Type — Residential Collector
Number of Driveways — 112

Number of Sighals - 0

On Street Purking und Usuye — Not High
Pedestrian / Bicyclist Activity — High

Crash Data Information

Crush Duta Months/Years — 1.58

Crush AADT - 9200

Total Number of Crashes — 19

Totdl Number of Injury Crushes — 2

Section Crush Rute — 155

Section Injury Rute — 16

Crush Rute Averuge for Similar Sections — 222
Injury Rute Average for Similar Sections — 73

Comments —
Recommended Speed Limit is: 40

Note:

The final recommended speed limit is higher
than the statutory speed limit for this type of
road. The statutory limit is 30 mph.
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Optimal Speed Limit

The optimal speed limit is determined by culculuting und selecting the speed that produces the lowest
societul cost. In this cuse study only crush costs und fuel costs will be considered to demonstrate

the method. In a full analysis, other societul costs would be undlyzed, including time fravel costs,
automobile emissions, etc.

Step 1: Calculate the Crash Costs

The roud authority has developed the following crash prediction models using regression techniques,
fraffic, infrastructure, and historic crash data for roads under their control:

43.8% ADT * L
Ny, p= EXP(Z.?S —~0.089SL — 0.815UMA + 38*—*}

10°
N, = EXP(0.95 +0.13X +0.71X _+0.0000144DT —0.026SL — 0.0069% + 0.19NOL — 0.38GM — 0.42UMA ~1.19UC — 2.5UL)
Where: N, = Number of pedestriun und bicyclist crushes per yeur, per mile

N,, = Number of vehicle-vehicle crushes per yeur, per mile

SL

Posted Speed Limit (mph)

X = Number of infersections in the segment
= Number of signdlized intersections on the segment
W = Pavement width (feet)

NOL = Number of lunes

GM = 1if mediun, 0 if no mediun

UMA = T if urbun minor arterial, O if not

UC = T1if urbun collector street, O if hot

UL = 1ifurbun locul roud, O if not

ADT = Averayge duily traffic

L = Length (Miles)

Additiondlly, the roud authority hus examined ifs severity distributions of the two crushes types bused on
speed, und hus produced the followinhy probdbilities using the KABCO severity scule. The KABCO severity
scule wus developed by the Nutionul Sufety Council, and is used by the investiguting officers to clussify
injury severity for occupunts into one of five categories: K — killed; A — disubling injury; B — evident injury;

C - possible injury; O — ho uppurent injury. These definitions may vary slightly for different police ugencies.



Probability of Crash Severity for Vehicle-Pedestrian/Cyclist Crashes

Crash Severity
Speed Limit (mph) K A B C ®)
20 0.0028 0.0339 0.2053 0.5631 0.1949
25 0.0040 0.0435 0.2335 0.5555 0.1635
30 0.0057 0.0549 0.2622 0.5415 0.1357
35 0.0080 0.0684 0.2905 0.5219 0.1112
40 0.0110 0.0841 0.3178 0.4970 0.0901
45 0.0150 0.1020 0.3432 0.4677 0.0721
50 0.0202 0.1221 0.3657 0.4349 0.0571
55 0.0268 0.1443 0.3846 0.3997 0.0446
60 0.0351 0.1682 0.3993 0.3630 0.0344

Probability of Crash Severity for Vehicle-Pedestrian/Cyclist Crashes

Crash Severity
Speed Limit (mph) K A B C ®)

20 0.002 0.0006 0.0081 0.0862 0.9049
25 0.0004 0.0009 0.0116 0.1081 0.879
30 0.0006 0.0015 0.0158 0.1313 0.8508
35 0.001 0.0022 0.0218 0.1591 0.8159
40 0.0016 0.0031 0.0289 0.187 0.7794
45 0.0025 0.0044 0.0386 0.2188 0.7357
50 0.0037 0.0062 0.0495 0.2491 0.6915
55 0.0055 0.0088 0.0635 0.2816 0.6406
60 0.008 0.0117 0.0788 0.3105 0.591

The City of Palm Bay uses the societdl costs of crashes shown below:

Crash Severity Societal Cost ($)
K 3,366,388
A 233,100
B 46,620
C 24,510
O 2,590
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Therefore, employing the crash model for vehicle-pedestriun/cyclist, the probubility distributions for the
different crash severities, and the societdl costs for the different crash severities, the cost of vehicle-

pedestrian/cyclist crashes for the different avdiluble speed limits is shown below.

No. of Ped/ Crash Costs by Severity ($)

Speed Limit | Cyclist

(mph) Crashes K A B C ®) Total
20 6.7 62,820 52,664 63,787 91,982 3,364 274,617
25 4.3 57,509 43,306 46,491 58,149 1,809 207 263
30 2.7 52,516 35,024 33,455 36,324 962 158,280
35 1.8 47,233 27,963 23,752 22,435 505 121,888
40 1.1 41,618 22,033 16,652 13,691 262 94,256
45 0.7 36,368 17,124 11,524 8,256 134 73,407
50 0.5 31,385 13,136 7.869 4,920 68 57,378
55 0.3 26,684 9,948 5,303 2,897 34 44,867
60 0.2 22,395 7431 3,528 1,686 17 35,058

It is noted that under this purticular crash model, the numiber of pedestriun und cyclist crashes

decreuses us the speed limit increuses. This is likely due to the fact that higher speed rouds have lower
pedestriun und cyclist truffic than similar lower speed rouds. In other words, exposure to these types of
crushes decreuses us speed increuses.

The sume methodoloyy is employed to identify the societul cost of vehicle-vehicle crushes for the
different speed limit dlternutives.

No. of Vehicle- Crash Costs by Severity ($)

Speed Limit | Vehicle

(mph) Crashes K A B © O Total
20 19.4 — 2,256 5,145 32,599 46,386 86,386
25 17.0 114,456 2,378 6,419 35,916 39,842 199,011
30 14.9 20,101 3,132 8.073 39,551 33,984 104,839
35 13.1 26,475 4,583 9,655 42,183 28,884 111,780
40 11.5 38,746 5,902 11,698 44,883 24,322 125,652
45 10.1 54,437 7.303 13,617 46,323 20,402 142,082
50 8.9 74,689 9.102 15,970 47,593 16,910 164,265
55 7.8 97,064 11,262 17,983 47,578 13,957 187,845
60 6.8 126,696 14,037 20,257 47 229 11,353 219,572

It is hoted thut the humber of crushes decreuses us the speed limit increuses. This is likely due to the fuct
that the design of higher speed rouds uffords more generous dimensions and ygreuter safety fedatures
than similur lower speed fucilities.




The totul crush costs ure the sums of the vehicle-vehicle crush costs und the vehicle-pedestrian/cyclist
crush costs.

Ped/Cyclist Crash Vehicle-Vehicle Crash
Speed Limit (mph) Costs ($) Costs (%) Total Crash Costs ($)
20 274,617 86,386 361,003
25 207,263 199,011 406,275
30 158,280 104,839 263,120
35 121,888 111,780 233,669
40 94,256 125,652 219,808
45 73,407 142,082 215,489
50 57,378 164,265 221,642
55 44,867 187,845 232,712
60 35,058 219,572 254,630

According to published dutu on the fuel efficiency of lute model pussenyer cars und light tfrucks
according to speed, the unnual fuel consumption for different speed limits can be culculated.
Assuminyg a cost for gus of $3.50/gullon yields un annual fuel cost. This annual fuel cost cun be udded
to the uannhudl crush costs to determine the het societul cost for the different speed limit dlterndtives. The
results aure shown below.

Annual Fuel
Speed Limit | Fuel Economy Fuel Cost Annual Crash
(mph) (mpg) Gallons (at $3.50/gal) Cost (8) Total Cost ()
20 26.4 292,553 1,023,936 361,003 1,384,939
25 30.2 255,848 895,467 406,275 1,301,741
30 31.8 243,161 851,063 263,120 1,114,183
35 32.7 236,190 826,664 233,669 1,060,332
40 32.6 236,733 828,564 219,808 1,048,372
45 32.8 235,559 824,457 215,489 1,039,946
50 32.1 240,698 842,443 221,642 1,064,086
55 31.1 248,441 869,542 232,712 1,102,254
60 29.0 266,095 931,332 254,630 1,185,961

Under un optimual speed limit approuch to Eldron Boulevard, the recommended speed limit is 45 mph.
The subsequent unalysis does not include the cost of fravel time, or automobile emissions, which would
typicdlly be included in the thorough analysis.
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Safe Systems Approach

Under the sufe systems approuch 1o setting the speed limit, the criticdl fuctor is the type of crashes that
cun be expected to occur yiven the physicul feutures of the roud, und the types of roud users that are
expected to be encountered.

In this instance, pedestrians und cyclists are permitted to use Eldron Boulevard but cyclists are very
infrequent, and pedestrians walking dlony the roud dre provided with a sidewdlk that is set back
from the edye of pavement. The fact is that pedestrian-vehicle und cyclist-vehicle interactions are
uncommon, und dure not u significunt fuctor in determining u “sufe speed limit.”

However, there are 26 two-way, stop controlled intersections und 86 driveways (85 residential and ohe
minor commerciul) ulony this section of Eldron Boulevard. This meuns that the potentidl for right-ungle
crushes, which have the greutest potentidl for causing serious injury to vehicle occupunts, is significaunt,
Therefore, under u sufe systems upprouch to setting speed limits, speeds on Eldron Boulevard from
Jupiter Roud to Ruleigh Roud should be limited to those speeds where d right-angle crash will not cause
any serious injuries. This beiny the cuse, resedrch on human biomechuanicdal tolerance, and vehicle
crushworthiness studies indicate that speeds should be limited to 30 mph.

The recommended speed limit under the sufe systems approach is 30 mph.

The recommended speed limits yielded by euch speed limit setting method, und the actudl speed limit
enacted by the roud authority are shownh in Tables 15 and 16.

Table 15. Recommended Speed Limits for the Eldron Boulevard Case Study

Eldron Boulevard, Florida
Actudl Speed Limit 40
lllinois DOT 40
Northwestern 45
USLIMITS2 40
Optimul Speed 45
Sufe System Speed 30




CASE STUDY 2: Rural Arterial Road

Roudway improvements undertaken in an 11.5-mile segment of State Route 67 between Milepost 11.3
and 22.8 in Cdlifornia prompted the need for a re-examination of the existing 55 mph speed limit. This is
un existing roud with consistent roud und land use characteristics throughout.

State Route 67 is u 24.4-mile roud runhing primarily in & horth-south direction between the City of El
Cdjon und the community of Rumona. The study segment is a 2-lune highway, which traverses hilly
terrain, resulting in undulating vertical grades and winding horizontal curves. Strateygicdlly-located
pussing lunes ure present through the study areu,

Truffic volumes ure us follows:

Milepost 2011 AADT
13.56 24,900
15.20 25,500
20.87 25,000
21.35 29,500
Averuyge 25,350

The roudwuay is asphualt with varying shoulder widths throughout. Shoulders are generdilly paved and
range from 3 feet (1.0 meter) to 8 feet (2.4 meters).

A puinted mediun is provided that includes g mediun rumble strip und ruised puvement markers. The
mediun is typicully three feet wide.

In addition to the appropriate traffic control devices and traffic barriers, 11 digital Speed Feedbuck
signs ure employed.

There ure three signulized intersections in the study areaq,

A Doppler radur system was used to conduct spot speed studies ut five different locutions within the

study areu,
Upper Limit of Percent
85th Percentile | Median Speed | Mean Speed the 10 mph Exceeding the
Milepost Speed (mph) (mph) (mph) Pace (mph) 55 mph
11.30 61 56 56 61 57
15.00 63 57 57 60 60
18.10 65 60 60 64 83
19.70 59 56 56 60 59
21.00 54 51 51 55 8
Averuge 60.4 56.0 56.0 60.0
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Bused on d review of the horizontal alignment in the study section, the design speed is 50 mph. None of
the curves require un advisory speed warhing.

The 3-year crash rate for the entire study areu is 0.80 crushes per million-vehicle-miles, which is lower
than the stutewide uverage crash rate of 1.51 crashes per million-vehicle-miles. However, there have
been 17 fatdl crashes in the 3-yeur aundlysis period that have been evenly distributed throughout the
study section. The futdl crash rate is 0.46 crashes per million-vehicle-miles (MVM), which is almost double
the stutewide uverage futdl crush rate of 0.25 craushes/MVM.

Public und private uccesses to Stute Route 67 were inventoried and consist of the followiny:

NBND (milepost) SBND (milepost)

Privute Access 12.10 11.49
12.17 11.96
12.38 12.78
12.76 13.69
13.80 13.78
13.96 14.06
14.07 14.89
14.10 16.56
14.34 16.19
14.36 16.28
14.89 16.45
15.46 17.43
15.67 17.51
15.89 18.16
16.13 18.27
16.96 18.37
17.00 18.54
17.89 18.92
18.05
18.14
18.21
20.25

Public Roud 14.35 (Iron Mountdin Trdil) 13.56 (Scripps Poway Parkway)
17.73 (Rockhouse Roud) 15.15 (Powauy Roud)
20.87 (Mussey Grade Roud) 18.11 (Mount Woodson Roud)

18.55 (Archie Moore Roud)




All of the private auccesses dre to single family residential dwellings or small-scule agricultural operations.

State Route 67 hus u rurdl cross-section, so there are no sidewdalks. Pedestrians und cyclists are not
prohibited from the facility, but the volume of both user groups is extremely low.

Parking is permitted, but there are ho sighificant roudside aftractions, so parking activity is negligible.

Five test runs were undertaken during off-pedk periods, and the average test run speed wus 63 km/h.

Engineering Method Using Operating Speed
Using the lllinois DOT Method

STEP 1: Establish the Prevailing Speed

The prevdiling speed is the average of the 85th percentile speed, the upper limit of the 10 mph puce,
und the uveruye test run speed, rounded to the neurest 5 mph increment.

A B C (A+B+C)/3
Upper Limit of
85th Percentile | the 10 mph Avy. Test Ruh Prevdiling
Milefoost Speed (mph) | Pace (mph) Speed (mph) | Speed Rounhded
11.30 61 61 63 62 60
15.00 63 60 63 62 60
18.10 65 64 63 64 65
19.70 59 60 63 61 60
21.00 54 55 63 57 55

STEP 2: Supplementary Investigations (Optional)

Adjustment fuctors for determining the proposed posted speed limit may be determined by further
investigation of any or dll of the followiny four conditions:

e Elevuted Crush Risk: The speed zone beinhyg studied has a crash rate that is lower than the
statewide uverage for similar facilities. However, it is still deemed u high-crash segment bused on
the elevuted futdl crush rate, which is double the stutewide average. Therefore, u 10 percent
reduction in the prevdiling speed is uppropriate.

o Access Control: The uccess conflict number (ACN) is culculated for the speed zone, bused on 40
private accesses to residential driveways and farms, and 7 public roud intersections.
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ACN* Reduction (%)
<40 0
41 to 60 5
> 60 10
® _ 40x1+7%5 _
ACN = 11.5miles

Therefore, no udjustent is required for uccess concerns.

e Pedestriun Activity: There is no sighificunt pedestrian activity, so ho further adjustment is required

for this factor.

o Puarking: Parking is negligible and is not a factor in determining the posted speed limit,

The totul udjustment from the 4 different factors is 10 percent.

Step 3: Selection of Preliminary Speed Limit

The preliminary speed limit is either the culculated prevdiling speed (from Step 1), or if the optiondl
investigation wus undertaken, it is the prevudiling speed us udjusted by upplicution of the percentuye

corrections from the optiondl investigution (Step 2).

Prevailing Speed Adjusted Speed Preliminary Speed Limit
Milepost (Step 1), mph (Step 2), mph (Rounded), mph
11.30 60 54 55
15.00 60 54 55
18.10 65 59 60
19.70 60 54 55
21.00 55 50 50

The following rules apply to the outcome:

e The preliminary posted speed limit should be the closest 5 mph increment to the (adjusted)
prevuiling speed.

e The preliminary posted speed limit shall not differ from the prevdiling speed (from Step 1) by more
than 9 mph or by more than 20 percent, whichever is less.

Both of these conditions ure sutisfied by the preliminary speed limits reported ubove.




Step 4: Violation Check
The proposed speed limit should be either the preliminary posted speed limit or the 50th percentile

speed, whichever is gredter. In dll cuses, the preliminary speed limit and the mediun speeds yield the
sume speed limit (rounded to the nedrest 5 mph increment).

Milepost Preliminary, mph | Median, mph
11.30 55 56
15.00 55 57
18.10 60 60
19.70 55 56
21.00 50 51

If the proposed speed limit exceeds the statutory speed limit for the highway in guestion, either the
statutory speed or the proposed speed limit may be posted. If the selected speed limit results in G
violation rate gredter than 50 percent, the dppropriate police ugency(ies) should be notified that extra
enforcement efforts may be hecessury.

It is noted thut differences in posted speeds between udjucent speed zones should hot be more than
10 mph. However, the lllinois policy permits a larger difference provided that adeqguate speed reduction
signs dre posted.

Using the Northwestern Speed Zoning Technique

Upper Limit of the
85th Percentile Speed 10 mph Pace (mph) | Average Test Run Speed
Milepost (mph) (km/h) (km/h) (mph) (km/h)
11.30 61 (98) 61 (98) 63 (101)
15.00 63 (101) 60 (97) 63 (101)
18.10 65 (105) 64 (103) 63 (101)
19.70 59 (95) 60 (97) 63 (101)
21.00 54 (87) 55 (88) 63 (101)
For the minimum speed study, the speed meusurements yield the followiny:
Justified from Table 13
85th Percentile Upper Limit of | Average Test Run Speed Limit
Speed (mph) |[the 10 mph Pace | Speed (mph) Weighted Limit | (Rounded), mph
Milepost (km/h) (mph) (km/h) (km/h) (mph) (km/h) (km/h)
11.30 60 (100) 65 (110) 65 (110) 635 (1070) 65 (110)
15.00 60 (100) 65 (110) 65 (110) 635 (1070) 65 (110)
18.10 65 (110) 65 (110) 65 (110) 650 (1100) 65 (110)
19.70 55 (90) 65 (110) 65 (110) 620 (1040) 60 (100)
21.00 55 (90) 60 (100) 65 (110) 605 (1010) 60 (100)
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The recommended speed limit based onh the minimum study is 60 to 65 mMph depending on the locution
within the study area. The lower speeds beiny produced at the higher mileposts may cause the analyst
to review the site aund traffic conditions to determine if the speed zone should be divided into two
sepurute zones. The conditions dre consistent through the study ureu, und the difference in the speed
limit recommended by the minimum study is only 5 mph. Therefore, the study ureu will be considered us

ohe speed zone.

The speed limit from the minimum study heeds to be checked uguinst the mujor physicul feutures of the
roud. The desigh speed of Stute Route 67 is 50 mph (80 km/h), und the length of the roud under study is
11.5 miles (18.5 kms). The uverage distunce between intersections is:

D =Alamiles 555 i ‘j‘f,é = 8674 feet = 2643 meters
Design Average Distance Length of Proposed Maximum Speed Limit
Speed (km/h) Between Intersections (m) Zone (km) (km/h)
110 400 1.5 110
100 300 1.0 100
90 250 0.8 90
90 175 0.7 > 80
70 125 0.6 70
70 100 0.5 60
50 75 0.4 50
50 60 0.3 40
30 45 0.2 30

All three criteria are sdtisfied with the 70 km/h speed limit. Therefore, the minimum study recommends d

spoeed limit of 45 mph (70 km/h).

Contihuing on with the detuiled andilysis, the factors determined from the various tables dre:

Adjustment Factors

Non-commercidl Access (Tuble 20) -5
Commercial Access (Tuble 20) +5
Lane Width (Tuble 21) +5

Funhctionul Clussificution (Table 22) -5
Mediun Type (Tuble 23) 0
Shoulder Type und Width (Tuble 24) 0

Pedestrian Activity (Table 25) -15
Parking Activity (Tuble 26) 0
Roudwuay Alignment (Tuble 27) +10
Crash Rute (Tuble 28) +10

Totals +30| -25 | =45




The overdll adjustment factor (OAF) is +30 which can be used to determine the multiplication factor
(MF) as:

MF = (100+OAF)/100 = (100+30)/100 = 1.30

The multiplication factor is greater than the maximum dllowed, so it is reduced to 1.25. Therefore, the
recommended speed limit (SL) is the speed limit from the mMinimum study Multiplied by the multiplication
factor und rounded to the heurest 10 km/h:

SL = 70km/h * 1.25 = 87.5 km/h = 90 km/h or 65 mph

The recommended speed limit bused on the Northwestern Speed Zonihg method is 55 mph.

Expert System (USLIMITS2)

The dutu from the Stute Route 67 speed limit study wus entered into the USLIMITS2 program to determine
the recommended speed limit for this section of road. The entered datu und the recommended speed
limit are shown in the boxed ureu below. The recommended speed limit is 56 mph.

The speed dutu at Mileposts 18.10 und 21.00, if entered into USLIMITS2 using the saume truffic and
geometric duta aus ubove, will produce recommended speed limits of 60 mph and 50 mph,
respectively. These dre only 5 mph different from the other mileposts, und it is desirable to use u
conhsistent 55 mph throughout the study ureu to encourage speed limit compliunce.

Optimal Speed Limit

The optimual speed limit is determined by cualculating aund selecting the speed that produces the
lowest societul cost. In this cuse study, only crush und fuel costs will be considered, fo demonstrute
the method. In a full analysis, other societul costs would be undlyzed, including time fravel costs,
automobile emissions, etc.

Step 1: Calculate the Crash Costs

The roud authority has developed the following crash prediction models using regression techniques
und truffic, infrustructure, und historic crush dutu for rouds under its control:

N = L * EXP(0.000016 + 0.0102SL + 0.00045 X +0.00000154DT)
Where: N = Number of crushes per yeur, per mile
SL = Posted Speed Limit (mph)
X =Number of intersections on the segment
ADT = Averuge duily traffic
L = Length (miles)

Additiondlly, the road authority has examined the severity distributions of the two crash types based on
speed, und hus produced the followiny probuabilities using the KABCO severity scule. The KABCO severity
scule wus developed by the Nutional Safety Council, and is used by investiguting officers to classify injury
severity for occupunts intfo one of five cuteyories: K - killed; A — disabling injury; B — evident injury; C -
possible injury; O —no uppdurent injury. These definitions may vary slightly for different police augencies.
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USLIMITS2 Data Output
Top of Form
Basic Project Information

Project Name - Case Study 2

Project Number —

Project Dute — 09-21-2011

State — Culiforniu

County — San Diego County

City -

Route - Stute Route 67

Route Type — Roud Section in Undeveloped
Areu

Termini from — Milepost 11.3

Termini to — Milepost 22.8

Route Stutus — EXISTING

Description — FHWA/ITE Informautionul Report
Cuse Study

Roadway Information

85th Percentile Speed - 61 mph
50th Percentile Speed - 56 mph
Section Length — 11.50 mile(s)
Statutory Speed Limit — §5 mile(s)
AADT - 23500

Adverse Alignment — No

Lunes und Presence/Type of Mediun - Two-lune
roud or undivided multi-lune
Number of Lanes — 2

Roudside Huzard Rating — 3

Crash Data Information

Crush Duta Months/Years — 3.00

Crush AADT - 25000

Total Number of Crashes — 252

Totdl Number of Injury Crushes — 145

Section Crush Rute — 80

Section Injury Rute — 46

Crush Rute Average for Similar Sections — 151
Injury Rute Average for Similar Sections — 25

Comments —
Recommended Speed Limit is: 55

The crash rate of the section is 80 per 100
MVMT. The average rate for similar sections is
151 per 100 MVMT, and the critical rate is 169
per 100 MVMT. The crash rate of this section
is 47 percent lower than the average crash
rate for similar sections. The rate of injury
crashes for the section is 46 per 100 MVMT.
The average rate for similar sections is 25

per 100 MVMT, and the critical rate is 32 per
100 MVMT. The rate of injury crashes for this
section is 84 percent higher than the average
rate for similar sections. A comprehensive
crash study should be undertaken to identify
engineering and traffic control deficiencies
and appropriate corrective actions. The
speed limit should only be reduced as a

last measure after all other treatments have
either been tried or ruled out.




Probability of Crash Severity for Different Speeds

Crash Severity

Speed Limit (mph) K A B C ®)

40 0.0016 0.0031 0.0289 0.187 0.7794
45 0.0025 0.0044 0.0386 0.2188 0.7357
50 0.0037 0.0062 0.0495 0.2491 0.6915
55 0.0055 0.0088 0.0635 0.2816 0.6406
60 0.0080 0.0117 0.0788 0.3105 0.5910
65 0.0116 0.0160 0.1001 0.3390 0.5333
70 0.0200 0.1250 0.3651 0.4349 0.0550
75 0.0350 0.1500 0.3846 0.4010 0.0294

The roud authority uses the societul costs of crashes shown below:

Crash Severity Societal Cost (§)
K 3,366,388

A 233,100

B 46,620

C 24,510

O 2,590

Therefore, by employing the crash model, the probubility distributions for the different crash severities,
and the societul costs for the different crash severities, the cost of crushes for the different avdilauble
speed limits is shown below.

Speed Crash Costs by Severity ($)

Limit No. of

(mph) | Crashes K A B © O Total
40 18.1 97,627 13,098 24,421 83,075 36,589 254,810
45 19.1 160,524 19,563 34,324 102,288 36,344 353,044
50 20.1 250,006 29,008 46,319 122,547 35,948 483,829
55 21.1 391,076 43,327 62,529 145,784 35,045 677,760
60 222 598,601 60,619 81,655 169,156 34,023 944,054
65 23.4 913,386 87.236 109,154 194,346 32,308 1,336,429
70 24.6 1,657,202 717,189 418,953 262,370 3,506 3,069,219
75 25,9 3,051,845 905,657 464,421 254,576 1.972 4,678,471

It is hoted that the humber of crushes increuses us the speed limit increuses. This is us expected.

According to published dutu on the fuel efficiency of lute model pussenger curs und light frucks
uccording to speed, the unnuul fuel consumption for different speed limits cun be culculuted. An
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unnudl fuel cost cun be culculuted ussuminy u yusoline cost of $3.50/gullon. This unnuul fuel cost cun
be udded to the unnual crush costs to determine the net societdl cost for the different speed limit
dlternatives. The results are shown below.

Annual Fuel

Speed Limit Fuel Economy Fuel Cost Annual

(mph) (mpg) Gallons (at $3.50/gal) Crash Cost (§) | Total Cost ($)
40 28.6 3,448,995 1,2071,482 254,810 12,326,291
45 29.2 3,378,125 11,823,438 353,044 12,176,481
50 30.9 3,192,273 11,172,957 483,829 11,656,786
55 31.1 3,173,020 11,105,569 677,760 11,783,329
60 29.0 3,398,493 11,894,724 944,054 12,838,778
65 26.5 3,720,556 13,021,947 1,336,429 14,358,376
70 24.1 4,090,876 14,318,066 3,059,219 17.377.286
75 21.8 4,524,828 15,836,898 4,678,471 20,515,369

Under un optimual speed limit approuch to Stute Route 67, the recommended speed limit is 50 mph.
The preceding undalysis does hot include the cost of fravel time or automobile emissions, which would
typicdlly be included in the thorough dandlysis und mauy uffect the outcome of the undlysis.

Safe Systems Approach

Under the sufe systems approuch 1o setting the speed limit, the critical factor is the type of crashes
that can be expected to occur given the physical fedatures of the roud, and the types of roud users
that ure expected to be encountered. Pedestriun und cyclists, while permitted on Stute Route 67, ure
infrequent. Pedestriun-vehicle and cyclist-vehicle conflicts are rare, and do hot factor into setting u
speed limit using the sufe systems upprouch.

The controlling criteria in this instance dre the presence of at-grade intersections and drivewdys
(which permit right-unygle crushes), und the undivided cross-section (which permits heud-on crushes).
State Route 67 hus several at-grade intersections that are two-way stop controlled. The volumes on
these intersections ure generdlly low und do not result in a significant right-angle crash risk because
of extremely low exposure. This being the cuse, the most significant crash type is the head-on crash.
Therefore, the uppropriute speed limit under u sufe system upprouch is ubout 50 Mph (80 km/h).

The recommended speed limits yielded by euch speed limit setting method und the uctudl speed limit
enhucted by the roud uuthority for State Route 67 are shown in Tuble 16.

Table 16. Recommended Speed Limits for the State Route 67 Case Study

State Route 67, California
Actudl Speed Limit 55
lllinois DOT 55
Northwestern 55
USLIMITS2 55
Optimal Speed 50
Sufe System Speed 50




SUMMARY OF RESULTS

Tuble 17 shows the recommended speed limits yielded by euch speed limit setting method und the
actudl speed limit enacted by the road authority for both cuse studies are shown below.

Table 17. Recommended Speed Limits for the Case Studies

Eldron Boulevard, Florida State Route 67, California
Actuul Speed Limit 40 55
lllinois DOT 40 55
Northwestern 45 55
USLIMITS2 40 55
Optimul Speed 45 50
Sufe System Speed 30 50

With the exception of the sufe systems dpprouch, the recommended speed limit from euch of the
Mmethodoloyies used ure within 5 mph of each other. On the onhe hand, this sugyests un inter-method
consistency that is reussuring. However, it needs to be remembered thut these ure only two specific
exumples, und this consistency muy not endure in other cuses. In fact, the optimal speed und the
sufe systems upprouches ure known to produce results that have a more pronounced difference from
the other methods in certain situations. This is perhaps Not surprising since the lllinois DOT method, the
Northwestern method, and USLIMITS2 dll start from the 85th percentile speed.

As expected, the sufe speed upprouch resulted in speed limits that are at the low end of the ranye.
This becomes very duppurent in the urbun cuse on Eldron Avenue, where the potential for more frequent
right-angle crashes requires u more dramatic decredse in operating speeds to be consistent with the
zero tolerunce for injury-producing crushes.
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APPENDIX A: GLOSSARY

The followinyg definitions ure provided to did in the understunding of setting speed limits. They may or
may not coincide with terms and definitions found in related State statutes.

10 mph Pace: The 10 mph pace is the 10 mph range encompussing the greutest percentuge of dll the
Meusured speeds in u spot speed study.

85th Percentile Speed: The 85th percentile speed is the speed ut or below which 85 percent of the
free-flowiny vehicles travel.

Advisory Speed: Advisory speeds warh drivers to proceed ut d speed lower than the speed limit due o
geometrics, surfuce, sight distunce, or other conditions.

Annual Average Daily Traffic: Commonly ubbreviuted us AADT, the totdl number of vehicles traversing
u point or facility in one year divided by 365.

Average Speed: The average (or meun) speed is the most commohn meusure of central fendency.
Using dutu from a spot speed study, the auverage is culculated by summing dll the meusured speeds
and dividing by the sumple size.

Design Speed: The design speed is u selected speed used to determine the various yeometric design
fedtures of the roudwuay.

Differential Speed Limit: A system that prescribes different maximum speed limits for different vehicle
types or user groups. This is usudlly applied us one muximum speed limit for light pussenger vehicles, und
d lower maximum speed limit for frucks and heavy commercidl vehicles.

Free-flow Speed: Free-flow speed is the speed a driver chooses wheh there are no influences from other
vehicles, conspicuous enforcement, or environmental factors; in other words, this is the speed the driver
finds comfortuble bused on the uppeurance of the roud.

Injury Minimization Speed Limit: Also known s a speed limit for sufe systems, it is a speed limit that
is set so that the forces experienced by the human body in the event of a crash will hot exceed
biomechanicul tolerances resulting in death or a severe personal injury.

Optimal Speed Limit: A speed limit thut yields the minimum total cost to society, including vehicle
operdting costs, crush costs, fravel time costs, and other societul costs.

Rational Speed Limit: A speed limit that is based on d formual, andlytical review of traffic flow, roadway
design, locul development, und crash datu, For existing rouds, it uses the 85th percentile speed of
free-flowiny vehicles operuting under normal truffic, wedther, und roudway conditions us the speed
limit, adjusted dowh by factors that can affect safety, such ds road desigh features und roudside
development und ure hot reudily uppurent to the motorist. The unalysis ulso considers crush history aund
the influence of speed us u contributing fuctor. The 85th percentile speed is bused on the premise that
the vast majority of drivers will select u speed that is reusondble, sufe, und prudent for u given roud.
Drivers who exceed the 90th percentile have u significantly higher risk of crashing.

Road Safety Audit: A formual safety performance exumination of un existing or future roud or
infersection by un independent uudit tfeam,
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Speed Dispersion: The speed dispersion refers to the nhormail spread in vehicle speeds observed in a
study section.

Speed Limit, Absolute: An ubsolute speed limit is u humericul value, the exceeding of which is ulways
in violation of the law, regurdless of the conditions or hazards involved.

Speed Limits, Environment: An environmentdadl speed limit is a speed limit created for the purpose of
Mmeeting federdl dir quality standards.'?

Speed Limit, Posted: The posted speed limit is the value conveyed to the motorist on u black-on-white
regulatory sign. Standurd engineering practice is to post speed limits for freeways, arterials, and any
roudwday or street where speed zonihg has dltered the limit from the statutory value.

Speed Limit, Prima Facie: A primu fucie speed limit is one above which drivers dre presumed to be
driving unlawfully. Nevertheless, if churged with d violdtion, drivers have the opportunity to demonstrate
in court that their speed wus safe for conditions at the tfime and not in violdtion of the speed limit, even
though they muy have exceeded the humericdl limit,

Speed Limits, Statutory: Numericdl speed limits specificdlly provided for under a State’s traffic codes
that upply to various clusses or cuteyories of rouds (e.d., rurdl expressways, residentidl streets, primary
arteridls, etc.). State laws may or may hot require that these limits be posted.™

Speed Zoning: Speed zoninyg is the process of performiny und engineering u study und establishing u
reusonuble und sufe speed limit for u section of roaudway where the statutory speed limits given in the
motor vehicle laws do not fit the roud or traffic conditions at a specific locution.

Speeding: The leyul definition of speedinyg is exceediny the posted speed limit. In the roud sufety
community, speeding is defined us exceediny the posted speed limit or speed too fust for conditions.

Test Run: A speed test run is performed by driving through a study areu (potentidl speed zone) ut u
reusonuble free-flow speed and collecting speed duta, then using this datd to confirm speed limits or
speed dutu collected from other vehicles in the study areu,



APPENDIX B: EXAMPLE TRAFFIC CONTROL ORDER

CITY OF NOWHERE
TRAFFIC CONTROL ORDER
X SPEED DATE OF ORDER: August 24, 2010
PARKING
OTHER CONTROL NUMBER: 10-41

PURSUANT TO CHAPTER NO. 33 OF THE CODE OF ORDINANCES OF THE CITY OF NOWHERE,
MICHIGAN, SAME BEING THE UNIFORM TRAFFIC CODE FOR CITIES, TOWNSHIPS AND VILLAGES
OF MICHIGAN AND IN THE INTEREST OF PUBLIC SAFETY AND CONVENIENCE THE FOLLOWING
TRAFFIC CONTROL ORDER IS HEREBY ISSUED BY JOHN PUBLIC, CHIEF TRAFFIC ENGINEER,
DULY AUTHORIZED AS TRAFFIC ENGINEER, BY SEC. 33.141 OF THE AFORESAID CHAPTER.

ISSUANCE OF THIS TRAFFIC CONTROL ORDER WAS PRECEDED BY STUDY AND
INVESTIGATION OF TRAFFIC CONDITIONS ON THE FOLLOWING PUBLIC ROAD OR ROADS IN
THE CITY OF NOWHERE, MICHIGAN.

FORBES ROAD

AND AFTER SAID INVESTIGATION, IT IS HEREBY ORDERED AND DIRECTED THAT THE
DEPARTMENT OF PUBLIC SERVICES ERECT AND MAINTAIN THE SPEED LIMIT SIGN (S) IN
ACCORDANCE WITH THE MANUAL ON UNIFORM TRAFFIC CONTROL DEVICES AS REQUIRED BY
SEC. 33.217 OF THE AFORESAID CHAPTER, SAID SIGNS TO GIVE NOTICE OF THE FOLLOWING
DETERMINATION:

SPEED LIMIT FOR FORBES ROAD FROM FONTANA ROAD TO CARUSO STREET TO BE 45 MPH

John Public, P.E. — Chief Traffic Engineer
Dated: August 16, 2010

APPROVED BY CITY COUNCIL

TRAFFIC CONTROL ORDER NUMBER 10-41 HAVING BEEN PRESENTED TO THE COUNCIL OF THE
CITY OF NOWHERE, MICHIGAN FOR STUDY AND APPROVAL, IS HEREBY APPROVED AND IT IS
HEREBY ORDERED AND DIRECTED THAT THIS ORDER BE FILED IN THE OFFICE OF THE CITY
CLERK AND A COPY THEREOF IN THE OFFICE OF THE CHIEF OF POLICE OF SAID CITY.

IT IS FURTHER ORDERED AND DIRECTED THAT THIS ORDER SHALL BECOME EFECTIVE UPON
BEING FILED WITH THE CLERK AND UPON ERECTION OF ADEQUATE SIGNS GIVING NOTICE OF
THE EXISTENCE OF AFORESAID,

SPEED LIMIT FOR FORBES ROAD FROM FONTANA ROAD TO CARUSO STREET TO BE 45 MPH

By:

David Politician, Mayor

ADOPTED AT THE REGULAR MEETING OF
CITY COUNCIL ON August 23, 2010.
By:

Jane Staffer, City Clerk
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APPENDIX C: ILLINOIS POLICY ON SETTING SPEED LIMITS

(The muteridl in this section is udupted from Policy on Estublishing und Posting Speed Limits on the State Highway System,
published by the lllinois Depurtment of Transportation (March 2011).)

lllinois statutes und the State Manhudl on Uniform Traffic Control Devices require that speed limits
other than statutory speed limits be based on *... un engineering study that has been performed in
accordunce with traffic engineering practices. The enygineering study shall include aun analysis of the
current speed distribution of free-flowiny vehicles.”

The followiny procedure shall be used to determine speed zones on streets und highways under the
jurisdiction of the DOT. The sume procedure is recommended for locul ugencies.

STEP 1: Establish the Prevailing Speed

The prewvdiling speed is the uveraye of the following three metrics, meusured during free-flowing fraffic conditions:
o 85th Percentile Speed: The speed ut or below which 85 percent of the vehicles dre traveling.
o Upper Limit of the 10 mph Puce: The 10 mph ranyge contuining the most vehicles.

o Average Test Run Speed: Determined on the busis of five vehicle runs in each direction over the
length of the proposed speed zone.

The prevdiling speed is the neurest 5 mMph increment to the average of the dbove three values.

STEP 2: Supplementary Investigations (Optional)

Adjustment fuctors for determining the proposed posted speed limit may be determined by further
investigation of any or dll of the followiny four conditions:

e Elevuted Crush Risk: If the speed zone beiny studied contdins u portion of a high-crash segment
or contdins u high-crash intersection us determined by the Bureau of Sufety Engineering, the
prevuiling speed muy be reduced by 10 percent.

o Access Control: The uccess conflict number (ACN) is calculated for the speed zone, und this
number is used to determine the percent reduction of the prevuiling speed ds shown below.

ACN* Reduction (%)
<40 0
41 to 60 5
> 60 10
* 4CN = Ng+5Npy+10N;
L
Where:
N; = Number of field entrunces und drivewuys fo single-fumily dwellings
N_ = Number of drivewuys to minor commerciul entrances, multi-fumily residential units, und
minor street intersections
N, = Number of drivewuys to mujor commerciul enfrunces, lurye multi-fumily developments,

und mujor street intersections



e Pedestriun Activity: Where no sidewulks are provided or where sidewulks dre locuted immediutely
behind the curb and the totdl pedestrian fraffic exceeds 10 per hour for any 3 hours within any
8-hour period, the prevdiling speed may be reduced by 5 percent. Pedestriauns crossing the
route at intersections or estublished crossing points mMay be included if the point of crossing is not
controlled by u STOP or YIELD sign on the route ih guestion, or does hot have traffic sighdls.

o Purking: The prevdiling speed may be reduced by 5 percent where puarking is permitted adjucent
to the tfruffic lunes.

The udjustment fuctors from the four different factors are added toyether to produce u single
percentage udjustment that shall hot exceed 20 percent.

Step 3: Selection of Preliminary Speed Limit

The preliminary speed limit is either the culculated prevdiling speed (from Step 1), or if the optiondl
investigution wus undertuken, it is the prevdiling speed us udjusted by dpplicution of the percentuge
corrections from the optiondl investigution (Step 2). The following rules upply to the outcome:

e The preliminury posted speed limit should be the closest 5 mph increment to the (audjusted)
prevuiling speed.

e The preliminary posted speed limit shall hot differ from the prevdiling speed (from Step 1) by more
than 9 mph or by more than 20 percent, whichever is less.

Step 4: Violation Check

Using the spoft speed data collected in Step 1, determine the mediun speed (the 50th percentile). The
proposed speed limit should be either the preliminary posted speed limit or the 50th percentile speed,
whichever is greuter.

If the proposed speed limit exceeds the stututory speed limit for the highway in guestion, either the
stututory speed or the proposed speed limit mMuy be posted. If the selected speed limit results in U
violation rate greater than 50 percent, the appropriate police agency(ies) should be notified that extra
enforcement efforts may be necessary.

It is noted thut differences in posted speeds between udjucent speed zones should not be more than
10 mph. However, the lllinois policy permits a larger difference provided that adeqyuate speed reduction
signs dre posted.
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APPENDIX D: NORTHWESTERN SPEED ZONING TECHNIQUE

The Northwestern Speed Zonihg Techhigue is an example of un engineering method that can be used
to cdlculute u recommended speed limit for a particular facility. It is based on the 85th percentile
operuting speed, und uses udjustments for different traffic, roadway, und performance chuaracteristics.

The generdl sentiment in the Northwestern Speed Zoning Techhiqgue is that the 85th percentile speed

is u sufe, self-selected speed that dlso provides u reusonable busis for enforcement. However, it must
be recoynized thaut the driver selects u speed bused on her/his evuludtion of the perceived hazard,
and if there are hazards of which the driver is unawdare, then the selected speed may be too high. The
commonly encountered huzards und the crush history of the roud can be used to determine if the 85th
percentile speed is u suituble leyisluted speed limit,

The Northwestern Speed Zoniny Technigue provides adjustments for various fedtures of the road—these
dre geherdlly upplicable to most rouds, but cun be dltered to suit locdl conditions and policies.

The procedure consists of two pdrts—a minimum study und a detuiled andalysis. The mMinimum study is
dlways cdarried out; the detdiled analysis is undertaken when unusudl roud or lund use characteristics
muke the speed limit us determined by the minimum study seem inuppropridte.

Minimum Speed Study
The dutu required for the minimum speed study are:

e Speed dutu;
» 85th percentile speeds
» Upper limit of the 15 km/h puce
» Averuye test run speed
e Physicdl Roud duta:;
» Desiyn speed
» Lenygth of the proposed speed zone

» Averuge distunce between intersections (not including dlleys, driveways, or entrances unless
they dre controlled by STOP signs or truffic signals).

The procedure used in the minimum speed study is to determine the speed limit bused on the speed
duty, subject to u muximum us determined by the physicul features of the roud.

The steps ure us follows:
1. For euch of the three speed meusurements, use Tuble 18 to select the justified speed limit.

2. Compute u weighted uverage speed limit using the following weights, and round downh to the
nearest 10 km/h:

o Justified speed limit from the 85th percentile speed: Weight = 3.



o Justified speed limit from the upper limit of the puce: Weight = 3.

o Justified speed limit from the averaye test run speed. Weight = 4.

35Lys+3SL pee +4SLy,
SL = 0

Where: SL = Weighted uveruye speed limit

SL,, = Speed limit justified by the 85th percentile speed using Tuble 18
SL,.co = Sweed limitjustified by the upper limit of the 15 km/h puce using Tuble 18
SL = Speed limit justified by the average test run speed using Tuble 18

run

3. Using Table 19, select the highest speed limit that will satisfy dll three conditions of design speed,
uveruyge distunce between intersections, und lenygth of the proposed speed zone.

4. The recommended speed limit is the lower of the weighted average (from Step 2) und the
maximum speed limit (from Step 3).

Table 18. Speed Limit Justified by Speed Data

85th Percentile Speed Upper Limit of the 15 | Average Test Run Speed Justified Speed Limit
(km/h) km/h Pace (km/h) (km/h)
<34 <33 <30 30
34 -44 33-42 30-38 40
45 -54 43 - 52 39-48 50
55 - 64 53 -62 49 - 56 60
65-74 63-72 57 - 65 70
75-84 73 -80 66-75 80
85-94 81-88 76 -85 90
95-104 89 - 96 86 -94 100
> 104 > 96 > 94 110
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Table 19. Speed Limit Based on Road Parameters

Average Distance
Between Intersections Length of Proposed Maximum Speed Limit
Design Speed (km/h) (m) Zone (km) (km/h)
110 400 1.5 110
100 300 1.0 100
Q90 250 0.8 Q90
Q0 175 0.7 80
70 125 0.6 70
70 100 0.5 60
50 75 0.4 50
50 60 0.3 40
30 45 0.2 30

Detailed Analysis
The dutu required for the minimum speed study dre:

1. Usihg the recommended speed limit from the Minimum Speed Study and the other collected
data, consult Tables 3 to 11 und determine the adjustment factors based on additional traffic and
roudwuay features.

2. Add dll of the udjustment factors togyether to obtdin an overdll adjustment factor.
3. Cudiculute the multiplier as follows:

100+04F
100

MF —
Where: MF = Multiplication Fuctor
OAF = Overdll Adjustment Factor (from Step 2)

4. If the Multiplication Factor is greater than 1.25, set it fo 1.25. If the Multiplication Factor is less than
0.75, set it to 0.75.

5. Multiply the recommended speed limit from the minimum speed study by the multiplicution factor
und round to the hedrest 10 km/h to produce the recommended speed limit.

Note: Tuble 20 will yield two udjusthent fuctors—one for commercial, und one for non-commerciul
driveways,

Also, if u detuiled study is to be undertuken, then dll of the information und tubles must be included in
the andlysis. It is hot good practice to include selected items und ignore others.



Table 20. Adjustment Factors for Access Density

No. of Driveways per kilometer Speed Limit from Minimum Study (km/h)
Non-Commercial | Commercial 30 40 50 60 70 80 90 100 110
0-3 0 +15 +15 +15 +10 +10 +5 +5 0 0
4-6 0 +10 +10 +10 +5 +5 0 0 0 -5
7-12 1 +10 +10 +5 +5 0 0 0 -5 -5
13-21 2-3 +5 +5 0 0 0 -5 -5 -10 -10
22-30 4-5 +5 0 0 0 -5 -10 -10 -15 -15
> 30 >5 0 0 -5 -10 -10 -15 -15 -20 -20

Table 21. Adjustment Factors for Lane Width

Speed Limit from Minimum Study (km/h)
Lane width (m) 30 40 50 60 70 80 90 100 110
<28 0 0 0 -5 -5 -10 -10 -10 -15
28-3.2 +5 +5 0 0 0 -5 -5 -5 -10
3.3-3.5 +10 +10 +5 +5 0 0 0 0 -5
>3.5 +15 +15 +10 +10 +5 +5 +5 0 0

Table 22. Adjustment Factors for Functional Classification

Functional Classification Speed Limit from Minimum Study (km/h>

(Urban Areas Only) 30 40 50 60 70 80 90 100 110
Locul 0 0 0 -5 -10 -10 -15 -15 -20
Collector +5 0 0 0 -5 -5 -10 -10 -15
Arteridl +10 +5 +5 0 0 0 -5 -5 -10
Expressway +15 +10 +10 +5 0 0 0 0 -5

Freeway +25 +20 +15 +10 +5 +5 0 0 0
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Table 23. Adjustment Factors for Median Type

Median
Depressed
Nohe | Flush or Puinted Mounhtable Barrier Unpaved
Functional 0.6m - 0.6m - 0.6m - 1.8m -
Classification 1.8m > 1.8m 1.8m > 1.8m 1.8m > 1.8m 6.0m > 6.0m
Locul 0 +5 +10 — — — — — —
Collector 0 +5 +5 +10 +15 — — — —
Arteridl -10 0 0 +5 +10 +15 +20 — —
Expressway — -10 -5 0 0 +5 +10 +15 +20
Freewuy — — -10 -10 -5 0 0 0 0
Table 24. Adjustment Factors for Shoulder Type and Width
Shoulder Type
Functional Classification None Turf or Gravel Stabilized Paved
Locul 0 +5 +10 +20
Collector 0 0 +5 +10
Arteridl -5 0 0 +5
Expressway -10 -5 0 0
Freeway -20 -10 -5 0
Table 25. Adjustment Factors for Pedestrian Activity
Sidewalk Setback from Edge of Pavement (m)
Pedestrian Activity None 0-05 0.6-25 2.6-4.5 | >4.5
Age <12
Heuvy -25 -20 -15 -10 -5
Medium -20 -15 -10 -5 0
Light -15 -10 -5 0 0
If nohe, consider uges over 12
Age > 12
Heuvy -10 -5 0 0 0
Medium -5 0 0 0 0
Light -5 0 0 0 0
Nonhe 0 0 0 0 0




Table 26. Adjustment Factors for Parking Activity

Parking Activity
Functional Classification No Parking Low Turnover Medium Turnover High Turnover
Locul +10 0 -10 -10
Collector +10 0 -10 -15
Arteriul +15 0 -10 -15
Expressway 0 -10 -15 -20

Table 27. Adjustment Factors for Roadway Alignment

Number of Curves per Kilometer with Advisory Speed Vertical Alignment

< Speed Limit fromn Minimum Study Level Rolling Hilly Mountainous

0 +10 +5 0 0

1 0 0 -5 -5

2 -10 -10 -10 -10

>2 -20 -20 -20 -20
Table 28. Adjustment Factors for Crash Rate

Crash Rate as a Percent of Area-wide Rate for Similar Facilities Adjustment

<75% +10

76% — 125% 0

126% — 200% -10

> 200% -20

Example Calculation

The followiny is un exumple calculdation using the Northwestern Speed Zoning Technigue:
Input Duta;  85th Percentile Speed = 66.4 km/h
The 15 km/h puce = 45 to 60 km/h
Averuge test run speed = 56 km/h
Desigh Speed = 100 km/h

Averuge Intersection Spacing: 200 meters

Length of Proposed Speed Zohe = 0.6 kms
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For the minimum speed study, the speed meusurements yield the followiny:

Criteria Justified Speed Limit (from Table 18) Weight Weighted Limit
85th Percentile Speed 70 3 210
Upper Limit of the Puce 60 3 180
Averuge Test Run Speed 60 4 240

Sum 630

The weighted uverage is 630/10 = 63 km/h, which suggests u speed limit of 60 km/h.

The sugyested speed limit heeds to be checked uyuinst the mujor physicul feutures of the roud using

Table 19.
Design Speed Average Distance Between | Length of Proposed | Maximum Speed Limit
(km/h) Intersections (m) Zone (km) (km/h)
110 400 1.5 110
100 300 1.0 100
90 250 0.8 90
90 175 0.7 80
70 125 0.6 > 70
70 100 0.5 60
50 75 04 50
50 60 0.3 40
30 45 0.2 30

All three criteria are sutisfied with the 60 km/h speed limit. Therefore the minimum study recommends u
speed limit of 60 km/h.

For the detdiled undlysis, the following duta is collected:
e Functiondl clussification — Arteridl
o Number of hon-commerciul driveways — 10/km
o Number of commerciul driveways — 4.5/km
e Lune width-3.65m
e 4.3 M puinted mediun
e No shoulders, and buarrier curbos on both sides of the roud

e Light pedestriun uctivity for uge < 12



e A sidewulk with a 0.3 meter setbuack
e No purkinyg ullowed
e Rolling fterrain

o Crush rate = 7.4 crashes per million-vehicle-kilometers (average is 5.1 crushes per million-vehicle-
kilometers for urteriul rouds)

The fuctors determined from the various tubles ure:

Adjustment Factors

Non-commerciul Access (Tuble 20) +5
Commerciul Access (Table 20) 0
Lane Width (Tuble 21) +10
Funhctionul Clussification (Table 22) 0
Mediun Type (Tuble 23) 0
Shoulder Type und Width (Table 24) -5
Pedestriun Activity (Tuble 25) -10

Parking Activity (Tuble 26) +15

Roudwuy Alignment (Tuble 27) +5

Crush Rate (Table 28) -10

Totals +35| -25|=+10

The overdll adjustment factor (OAF) is +10, which can be used to determine the multiplication factor us:
MF = (100+OAF)/100 = (100+10)/100 = 1.10

The multiplication factor is less than 1.25 und gredater than 0.75, therefore the recommended speed limit
is the speed limit from the minimum study multiplied by the multiplication factor und rounded to the
neurest 10 km/h:

SL = 60 km/h * 1.10 = 66 km/h = 70 km/h
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APPENDIX E: SPEED LIMITS NEW ZEALAND (ROAD RISK METHODOLOGY)

The speed limit policy in New Zedlund is a hational policy that aims to balance mobility and sufety by
setting speed limits that are sufe, uppropriate, und credible for the level of roudside development und
the cuteyory of roud.

The information required to determine the speed limit for a particular road is:
The existing speed limit;
e The churucter of the surrounding lund environment (e.y., rurdl, fringe of city, fully developed);
¢ The function of u roud (i.e., arterial, collector or locul);
e Detdiled roudside development datu (e.g., humber of houses, shops, schools, efc.);
e The humber und huture of side rouds;

e Curriugeway characteristics (e.g., mediun divided, lune width unhd humber of lunes, road
geometry, street lighting, footpaths, cycle lanes, parking, setback of fence line from carriugeway);

e Vehicle, cycle und pedestriun uctivity;
e Crush dutu; und
e Speed survey dutu,

Cudlculating a speed limit using Speed Limits New Zedland (SLNZ) methods reyuires road and roudside
datu collection, und the upplication of the set procedures specified in the policy.

Once u section of roud hus been identified for aunalysis, data collection should be commenced.

The survey should extend at leust 200 meters in each direction beyond the section of road under
consideration. This is to ensure the uppropriate bounddary point between speed limits is identified und
features that may influence sign location dare included.

Step 1: Determine Development Rating

Different types of development are ullocuted for the rating values us shown in Table SLNZ4. The ratings
dre bused on the expected humber of vehicle, pedestriun und cycle movements yeneruted euch duay.
For example, u house is dllocuted one rating unit und d large shop is given four rating units.

Development rutings ure ullocuted for the roud beiny surveyed (frontuge development) und for

the first 500 meters of side rouds (side road development). For each 100-meter section of roud, the
development rating subtotdl is the sum of the frontuge and the side roud development ratings. The
totdl development rating is culculuted by udding the 100-meter subtotdls for the length of roud beiny
ussessed for u speed limit.



Table E1. Development Rating

Development Type | Frontage Development Rating Units
A Property or uccess point* with 1T or 2 dwellings**; church; | 1
smaill hall; playground; beach; sports ground; cumping
ground; holiduy cubins; cycle puth or pedestriun way
that infersects with the roudway.

B Property or auccess point* with 3 or 4 dwellings™*; 2
business or office with fewer than teh employees; small
shop; large hdill; cinema; small public swimming pool.
C Property or uccess point* with 5 or more dwellings™*; 3
business or office with 10 to 30 employees; generdl
store; tukeuway shop; bank; service station; cinemu
complex; hotel; restuurunt; lurge swilmmming pool.

D Business or office with more than 30 employees; 4
large shop; post office; hospitul; terfiury educution
estublishment.

E Access point™ serving two or more developments. 1to 4***
F Primary school or kindergarten. 1 for every 15 students
G Seconddary school. 1 for every 30 students

* Ah uccess point includes u private driveway and a public entrance or exit.

** A dwelling includes u house, u home uhit in u block, u semi-detached home unit, and a motel unit. Each unit in a block of units
couhts us ohe dwelling.

*** Wheh two or more developments other than dwellings, or if dwellings and other developments share a common daccess point
or service roud, the correct ruting is the greutest of:

e the rating for u development type A, B, or C uccording to the humber of dwellings served by the uccess point; or
e the highest rating for any ohe development, other than dwellings, served by the uccess point; or

e the rating determined by treating the access point as d side road and dllocating the rating specified in Table SLNZ5.

Multiple access points are handled in the following manner:

e Where u single development or a small group of developments hus more thun one uccess
point on the sume roud, the development should be rated onhce only und additionul uccess
points ignored. Developments with sepurute enfrance und exit points should dlso be treated us
having only one uccess point. Exumples include service stutions, motels, schools, und a smaill
group of shops with off-street parking.

e Where u large group of developments, such us u shopping mull or u service roud, shure
more thun one uccess point, u rating is ussigned to euch uccess point. In these situations, u
proportionul number of the developments should be dllocuted to euch uccess point, und euch
ohe ruted us u Development Type E.

e Sepurute ratings may be ussigned to euch uccess point when there are at leust four individuul
developments or one type D development for euch uccess point. These conditions ensure that
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the sum of the uccess point ratings does hot exceed the sum of the ratings for the individudl
developments in the group.

Step 2: Determine side road development rating

The side roud development rating is calculated on the first 500 meters of d side roud by dpplying the
rating values outlined in Table ET to the development und then entering Table E2 to determine the side
roud rating.

A nhotuble difference in this step is that each school or kindergarten fronting on d side roud is culculated
(differently) as follows:

e Use hulf the normual frontuge rating (from Table E1) if a school or kindergarten is within 500 meters
from the roud beiny surveyed; und

e Use u yuurter of the frontuye ruting (from Tuble E1) if u school or kindergurten is between 500 und
1000 meters from the roud being surveyed.

Note thut a cross infersection is freated us two side rouds.

Table E2. Side Road Development Rating

Side Road Development Rating Units According to the Frontage
Traffic Volume on Side road Development Rating (R) on the First 500 m of the Side Road
(Vehicles per Day) R<8 8<R<20 R>20
< 4000 1 2 3
> 4000 2 3 4

Step 3: Roadway Rating

The roudwuay rating is culculated by summing the ratings related to roudway activities and traffic
control. Tables E3 to E8 show the ratings that aupply according to the nature and use of the road. Note
that where usuge or provision of fucilities is different on euch side of the roud, the rating is the uveruge
of the ratings for euch side.

Roudwuay ratings are culculated for each 100-meter section of road and the sub-totdl is the sum of
the ratings for each roadway activity per 100-meter section. The fotul roadway rating is culculuted by
adding the 100-meter sub-totuls for the lenygth of roud beihy ussessed for u speed limit.

Step 4. Calculate the Rating

The average rating is culculated by summing the totdl development and roadway rating for the length
of roud beiny ussessed und then dividing by the number of 100-meter sections of roud. However,



the totul roudwuay rating must not exceed the totdl development rating for the length of roud beihy
ussessed. If the totul roudway rating is higher, it must be reduced to that of the development rating.

Table E3. Pedestrians

<200 > 200

Sidewulks behind boulevards or ho
pedestriun access

Sidewdlks adjucent to the roadway 0 1
1
1

0 0

No sidewulk but useuble shoulder
Pedestriuns must walk on roud

Table E4. Cyclists

<200 > 200
Bicycle puth sepurated by u boulevard or 0 0
fence or no cyclist uccess
Wide roud, cyclists clear of moviny traffic 0 1
Narrow roud, cyclists impede moving fruffic 1 2

Table ES5. Parking

Vehicles cun purk 2

meters from moviny 0 0 1
traffic

Vehicles park close to

Mmoviny truffic but do 1 2 3

not obstruct it

Parked vehicles obstruct
moving fraffic, i.e.,
remuaining traffic lane is
3 meters or less
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Table E6. Road Geometry

Alignment

Type of Roadway Open Visibility Average Visibility Limited Visibility
One-wuy fraffic or divided roadway 0 0 0
(solid mediun or barrier)
4 or more lunes (flush mediun or 0 1 1
undivided)
2 or 3 lunes (flush median or undivided) 0 1 2
1 lune (two-way) 3 4 5

Table E7. Traffic Control
Traffic control (applying to traffic on the road surveyed) Rating Unit
Pedestrian crossing 3

“Stop” control 3
YIELD Sign 2
Traffic sighuls 2

Ruilway level crossing 1

Traffic islands 1

Table E8. Development

Status of Road
Type of Development Local Road Collector Road Arterial Road
Residentidl 2 1 0
Industrial 1 0 0
Commercidl 0 0 0
Rurul Residentidl 1 0 0
Rurdil 0 0 0




Step 5: Determine the Speed Limit

When the averuyge ruting hus been culculuted, the speed limit is determined us follows.

Surrounding land

environment Location
Fully rural \}
Rural selling place ——» R_ural

_ (See Fig. SLNZ2)
Settlements
Fringe of city - In-between
or town " |(See Fig. SLNZ3)
Low density
development ™ Urban

_—— (See Fig. SLNZ4)

Fully developed

Figure SLNZ1. Determining Speed Limit.

Average Speed limit
rating (R)
11>Rz26 »
6-R=>3 »
R<3 »

Note 1. The level of development is not consistent with the location
of this road. Please check you have used the correct flow chart for
the location (see Fig. SLNZ1).

Figure SLNZ2. Speed Limit Flow Chart—Rural.
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Figure SLNZ3. Speed Limit Flow Chari—In-Between.
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Figure SLNZ4. Speed Limit Flow Chart—Urban.

In rare instances, becuuse of speciul feutures or dctivities ulonyg d roud, SLNZ cannot be used or will
hot produce d sound result. SLNZ must always be used with reference 1o speed limits policy, und in
cohjunction with sound engineering judgment, to determine the uppropriate und sufe speed limit,
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APPENDIX F: EXAMPLE CASE STUDY USING USLIMITS2

Example 1. Speed Limit Request on a Two-Lane Roud in un Undeveloped Areu

The first example is u two-lune roud in d rurdl ureu. At the request of the Township officidls, the engineer
has been usked to conduct d fraffic und engineering investigation to determine if the existing maximum
50 mile-per-hour speed limit should be lowered. Bused on dutu collected during the investigution, the
USLIMITS2 screens below show the input varidbles und final sugygested speed limit for this road section.

This is the Busic Locution Information input screen:

A USLIMIT 52 - Microsoft Internet Explorer

File Edit View Favorites Tools Help __
Qoback - © - [ B €| Psearch FeFavories @ | 3 L B W-0U3 X H D

USLIMITS2 Basic Location Information

= State | Michigan -

“ County |washtenaw County v

“ CitylArea | Rural/Other v
* Route/Street Name  piank Road

" New or EXSIN9 ) Mew © Existing

¥ |Rcad Section in Undeveloped Area vJ More Info

* Project Date 11-01-2006

“ Project Name |Ezarnple 1-Plank Road Speed Limit Request

Proecis

Project
Description
Speed limit study conducted at the request
of the Township
Back | [ save & Continue
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This is the busic input screen for the 85th percentile speed und other varidbles:

A http:liwww2.uslimits.org - USLIMITS2 - Microsoft Internet Explorer

File Edit View Favorites Tools Help >

Qbsck » O - HRA | Psewrch eFavoris @ 2~ R B W-U3 XHD

Logout | Home | (Backto yourist of projects)

Study Report | UserGuide |  DecisionRules |

USLIMITS2 - Road Section in Undeveloped Area

m"m 52| Maximum of 99 mph.  More Info

* Statutory Speed
mumwlsampn v| Moreinfo

RoadsideRathd |5 o | woremnte

Lanes and -
P Mype of | Two-lane Undnided v
Median

Number of Lanes | 2|

File Edit View Favorites Tools Help &

Qoscx » @ - HRA th| Psewrch kravrin @ 2~ S B W-0U 3 XH OB

| ®ackto yourlistof projects)

| Decision Rules

For more information on entering this data click here: More Info

USLIMITS2 - Crash Module

Enter the Number of Crash YearsMonths
*Years |3year(s)
Monts | 0 monthy(s)

* Enter the average
AADT for this period

[ [Save s Cominue ]
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This is the crash summary generated by USLIMITS2 based on the crash data input by the user:

=2 http:iwww2.uslimits.org - USLIMITS2 - Microsoft Internet Explorer
I g i

File Edit View Favorites Tools Help >
~
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This is the final output screen showinyg the advisory recommended speed limit for this rural roud section:

A hitp:/henerw?.uslimits.org - USLIMITS2 - Microsoft Internet Explorer
File Edit View Favorites Tools Help >
~

Road Section in Undeveloped Area

Project Name - Example 1 - Plank Road Speed Limit Request
State - Michigan

Recommended Speed Limit is:
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The results can diso be printed to a Microsoft Word file as showh below:
USLIMITS2 Data Output
Top of Form

Basic Project Information

Project Name - Example 1 - Plank Road Speed Limit Request
Project Number — WAS 01

Project Dute — 11-01-2006

State — Michigan

County — Wushtenaw County

City -

Route — Plunk Roud

Route Type — Roud Section in Undeveloped Areu

Route Status — EXISTING

Roadway Information

85th Percentile Speed - 52 mph

50th Percentile Speed — 46 mph

Section Lenyth — 2.12 mile(s)

Statutory Speed Limit — 55 mile(s)

AADT - 1200

Adverse Alignment — No

Launes und Presence/Type of Mediun — Two-lune roud or undivided mulfi-lune
Number of Lanes — 2

Roudside Huzard Rating - 3

Crash Data Information

Crush Dutu Months/Yeurs — 3.00

Crash AADT - 1180

Totul Number of Crushes — 7

Totul Number of Injury Crushes — 2

Section Crush Rute — 256

Section Injury Rute — 73

Crush Rate Average for Similar Sections — 232
Injury Rute Average for Similar Sections — 84

Comments —

Recommended Speed Limit is: 50
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APPENDIX G: EXAMPLE SPEED STUDY FORMS

STATE OF FLORIDA DEPARTMENT OF TRANSPORTATION

VEHICLE SPOT SPEED STUDY

FORM 750-010-0
TRAFFIC ENGINEERIN
07/2009 AS

LOCATION ID:
LOCATION:

Douglas Rd. - C.R. 949

|SECTION:

137 Miles East of Northfork Cr.

| (EEEEE

POSTED SPEED (mph):

55 MPH

JCOUNTY:  Bediord

DATE:

6/4/2008

JPAVEMENT CONDITION:

Dry, Good

OBSERVER: K. Matthews

[imME FROM: 900 AW

TIME TO: 11:00 AM

REMARKS: Concealment Quite Difficult

cum.

NUMBER OF VEHICLES

BOUND

SPEED

NUMBER OF VEHICLES

E

TOTAL | TOTAL

20

15

10 IS

—
BIN
—

5 10'

15

BOUND BOTH
OI CUM. CUM.
204 rotaL)roTaL ToTaLl roTAL|

=80

78 - 70.9)

76 - 77.9)

74 - 75.9)

72-73.9

70-71.9

65 -69.9

86 -67.9

84 - 65.9)

62 -63.9)

60-61.9

58-50.9

56 - 57.9|

54 - 55.9

52 - 53.9)

104

50 - 51.9|

103

48 -40.9

101

46-47.0

44 - 45.9)

42-43.9

40 - 41.9)

38 - 30.9)

36 - 37.9|

34 -35.9

|-

32-339

30-31.9

28-20.9

26 - 27.9|

24 - 25.9|

22-23.9

20-21.9

18-10.0

16-17.8

14-15.8

12-13.0

10-11.8

=10

TOTALS

TOTALS]

SPEED DATA SUMMARY

EAST BOUND

IENG!NEER: B. Traffic

85th PERCENTILE SPEED

42

DATE: 7/6/2008

10 mph PACE

33-43
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STATE OF FLORIDA DEFARTMENT OF TRANSFORTATION FORM T50-020-12

SAFE CURVE SPEED STUDY TRAEFICENGINEERING:
LOCATION ID:
JCOUNTY: SECTION:

POSTED SPEED (mph): |PAVEMENT CONDITION:
DATE: OBSERVERS:
REMARKS:

DIRECTION OF M DEGREE OF

TRAVEL BEGIN END SPEEDON CURVE DEFLECTION
CURVE CURVE
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APPENDIX H: SAMPLE 85th PERCENTILE SPEED CALCULATION

The 85th percentile is the speed at which 85 percent of the observed vehicles are fraveling at or below.
This percentile is used in evaludating und recommending posted speed limits. Wedther conditions may
uffect speed percentiles. For exuample, observed speeds muy be slower in rainy or snowy conditions.

A freguency distribution tuble is u convenient way to determine speed percentiles. An exumple, from
lowd, is given in Tuble 29. The frequency of vehicles is the number of vehicles recorded at euch speed.
The cumuldtive frequency is the total of each of the numbers (frequencies) added toyether row by row
from lower to higher speed. The fourth column is G running percentage of the cumulative frequency.

Table 29. Example Frequency Distribution Table

Frequency of Cumulative Cumulative
Speed (mph) Venhicles Frequency Percent Speed Percentile
15 1 1 1%
18 2 3 3%
21 6 9 9%
24 12 21 21%
27 13 34 34%
30 20 54 54%
33 18 72 72% 85th
36 14 86 86%
39 6 92 92%
42 6 98 98%
45 1 99 99%
48 1 100 100%

Source: Hanhdbook of Simplified Practice for Traffic Studies, Center for Transportation Resedurch aund
Educution, lowa State University.

The 85th percentile speed is determined from the cumuldtive percent column. For the exumple datain
Table 4, the 85th percentile fulls between 33 and 36 mph. The calculdtion of speed percentiles is easier
if u sumple size of 100 vehicles is collected. When the sample size eqyuuls 100 vehicles, the cumulative
frequency und cumulative percent dre the sume.

As cun be observed from Tuble 29, the exuct 85 percent (85th percentile) is hot found in the cumulutive
percent column. To reuch these exuct percentages, u calculdation is completed using percentages aund
speeds from the distribution table. Shown below is the egudtion for culculating speed percentiles:

P,-P,

min

Sp =P, P

min

(Smax _Smin)+Smin

where Sp = speed ut P, , P = percentile desired, P, = higher cumulutive percent, P = lower
cumulative percent, S = higher speed, aund S = lower speed.
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The 85th percentile of speed (P, = 85 percent) fulls between 33 und 36 mph (see Tuble 29),s0 S =

36 mphund S =33 mph. The higher cumulutive percent (P,
percent (P,

min

- ) Is 86 percent, und the lower cumulative
) is 72 percent. To find S, ut P, in this cuse (85th percentile of speed),

— 85%—-T72%
Sp = m (36 mph — 33 mph)+ 33 mph = 35.8 mph
On highwuys carrying low tfraffic volumes, the checks at any onhe station may be discontinued after 2
hours, although a minimum of 100 vehicles have not beehn timed.

The ubove procedure is yenerdlly automuted in commercidlly avdiluble computer spreudsheets or
workbooks. For example, Microsoft Excel has a PERCENTILE function that can be used to determine the
50th, 85th or uny other percentile from an array of numbers.
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For More Information:
Visit hitp://safety.fhwa.dot.gov

FHWA, Office of Safety

Guan Xu

guan.xu@dot.gov
202-366-5892

FHWA-SA-12-004




